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HARMONY 

TT  has  been  stated  that  it  is  the  little  things  in  life  that 
■'-  count  and  such  we  believe  to  be  the  case.  Take  any  of 
the  single  wires  forming  the  supporting  cables  for  the  Brooklyn 
bridge  and  you  will  observe  that  it  is  the  size  of  a  piano  wire, 
and  consequently  does  not  in  anyway  indicate  a  strength  suffi- 
cient for  the  work  it  has  to  do.  Nevertheless,  when  thousands 
of  these  small  wires  are  wound  and  twisted  together  we  have 
the  combined  strength  of  all,  and  a  strength  that  is  capable  of 
holding  up  and  supporting  the  tremendous  weight  of  the  bridge. 

An  so  it  is  in  any  industry,  the  single  individual  although 
playing  an  important  part  in  a  plant  could  not,  working  alone, 
be  able  to  carry  out  the  undertaking,  yet  with  a  great  many  men 
making  up  a  large  complex  organization,  each  of  them  has 
their  own  individual  strength  and  power  and  the  capacity  of 
exercising  it  in  the  proper  direction.  Altogether  they  present  a 
united  front  to  all  conditions  that  arise  and  thus  are  capable  of 
accomplishing  wonderful   results   through    unity   and   harmony. 

When  Harry  S.  New,  the  Postmaster  General,  declared 
the  other  day  "the  best  work  can  be  done  only  under  harmon- 
ious conditions,"  he  was  uttering  a  rather  good  general  law. 
There  is  no  use  of  trying  to  play  the  trombone  in  the  orchestra 
unless  you  and  all  the  other  players  are  in  harmony.  Like 
Al  Jolsoij  used  to  sing,  "You  can't  play  every  instrument  in  the 
orchestra,  but  at  least  you  can  keep  in  tune."  There  is  no  joy 
in  the  home  unless  there  is  harmony.  You  do  not  have  to  be 
beautiful,  nor  clever,  nor  interesting,  nor  even  intelligent  to  get 
along,  but  you  do  have  to  be  harmonious.  There  is  no  success 
in  business,  there  is  no  fun  in  a  game  unless  there  is  harmony. 
The  beauty  about  harmony  is  that  it  does  not  mean  equality. 


Th'AX.S.iCTIoy.S    OF 

2  AMEh'IC.IN   SOCIETY   EOR   STEEL    TREATING  July 

for  in  harmoii}'  there  is  a  place  for  the  greater  and  the  less, 
and  the  wise  and  the  ignorant,  the  good  and  the  less  good. 
We  do  not  have  to  be  indispensaljle,  but  we  do  have  to  fit  in. 


SPIRIT 


NO  MATTER  vvhat  you  do,  you  put  something  of  yourself 
into  it. 

There  are  those  who  put  all  that  they  are  in  whatever 
they  do — and  then  there  are  those  who  merely  divide  their 
interests  and  give  and  work  by  half  or  less.  It  is  the  spirit  in 
which  you  do  things  that  counts  more  than  anything  else.  Not 
only  for  the  one  you  may  work  for,  but  for  yourself.  We  can 
never  leave  ourselves.  Not  for  a  second.  Neglect  one  part  of 
your  work  and  you  neglect  yourself. 

It  is  the  living  spirit  within  us  that  urges  us  on  that  tells^ 
us  the  way  to  better  things,  that  urges  us  to  rise  when  we  fall 
and  to  look  up  instead  of  down. 

You  may  make  a  very  bad  blunder — but  if  your  spirit  was 
working  in  the  right  direction,  that  blunder  can  be  easily 
passed  by.  It  is  inspiring  to  meet  some  people.  They  seem  to 
have  a  wonderful  inward  spirit  that  is  working  every  minute  in 
their  lives.  No  matter  under  what  condition  you  meet  them, 
that  same  even  spirit  is  there.  We  can  all  have  a  happy  spirit 
if  we  will.  It  is  largely  a  matter  of  proper  viewpoint  and  the 
right  consideration  of  others. 

Influence  is  a  wonderful  force.  And  it  is  the  fine  spirit 
that  you  carry  around  with  you  that  gives  you  influence. 


WORKERS 


I 


N  E\'ERY  chapter  there  will  always  be  a  few  individuals 
because  of  their  own  inclination  and  because  they  are  so 
situated  as  to  be  able  to  devote  time  to  the  interests  of  the 
Society  who  will  stand  out  pre-eminently  as  instrumental  in 
carrying  the  message  of  the  Society  to  those  who  should  be  in- 
terested, and  in  this  way  obtain  a  large  number  of  member- 
ships for  the  Society  and  local  chapter.  In  this  connection  one 
of  the  best  examples  of  conscientious  efifort  and  ability  directed 
along  this  line  is  exemplified  by  Norman  C.  Einwechter  of  the 
firm  Einwechter  &  A\'yeth,  512  Commerce  Street,  Philadelphia, 
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who  as  a  member  of  the  Phila(leli)hia  chapter  and  as  a  promin- 
ent member  of  the  Membership  Committee  of  that  chapter  has 
been  largely  instrumental  in  contributing-  to  the  80  per  cent  in- 
crease in  membership  the  Philadelphia  Chapter  has  had  since 
September  of  last  year. 

Mr.  Einwechter  very  modestly  declines  credit  for  any  ex- 
ceptional ability  in  securing  members  stating  that  his  entire 
efforts  in  the  matter  have  been  solely  for  the  benefit  and  ad- 
vancement of  the  man  who  was  actually  working  in  heat  treat- 
ing steel,  so  that  by  his  becoming  a  member  of  the  Society  he 
might  learn  what  the  outside  was  doing  in  new  methods,  new 
equipment  and  new  processes  in  the  art  and  sciences  of  the 
manufacture  and  working  of  metals.  Mr.  Einwechter  found 
that  practically  every  corporation  interested  in  the  lines  fol- 
lowed by  the  Society,  that  investigates  the  teaching  the  local 
chapters  are  advancing  to  them  and  their  employers,  is  very 
glad  to  support  the  educational  and  progressive  organization 
of  the  A.  S.  S.  T.  in  promulgating  and  disseminating  practical 
knowledge  of  the  treatment  of  metals. 

Mr.  Einwechter  stands  very  high  in  the  estimation  of  the 
members  of  the  Philadelphia  Chapter,  and  they  are  constantly 
presenting  to  him  their  appreciation  of  his  excellent  work  dur- 
ing the  past  year,  realizing  Mr.  Einwechter  has  placed  in  his 
work  on  the  Membership  Committee  the  same  enthusiam  and 
energy  that  has  made  the  firm  with  whom  he  is  connected  such 
a  prominent  one  in  the  Philadelphia  territory. 

In  the  Hartford  Chapter  much  interest  and  congratulations 
are  being  given  to  Don  Stacks,  a  consulting  metallurgist  in  that 
territory,  and  because  of  his  ability  to  circulate  among  the  trade 
has  been  instrumental  in  bringing  the  Hartford  Chapter  well 
up  in  the  membership  contest  by  securing  sustaining  and  in- 
dividual members.  Mr.  Stacks  has  always  been  an  enthusiastic 
member  of  the  Chapter  and  his  work  is  bringing  to  him  added 
recognition  as  to  his  ability. 


FIFTH  ANNUAL  CONVENTION 

PROMISING  to  invade  the  Steel  City  with  real  enthusiam, 
members  of  the  A.  S.  S.  T.  from  every  important  American 
and  Canadian  industrial  center  will  gather  at  Pittsburgh  the  sec- 
ond week  in  October,  for  the  annual  convention  of  the  A.  S.  S.  T. 
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is  to  be  notable  not  only  for  its  size  but  for  its  representation  in 
every  phase  of  steel  manufacture  and  treatment  of  metals  and  for 
the  details  and  consideration  that  will  be  given  to  concrete  prob- 
lems. Organization  details  are  working  in  a  satisfactory  man- 
ner, and  the  program  is  taking  shape  quite  rapidly. 

Identification  certificates  for  use  of  members  and  guests 
in  securing  railroad  rate  reduction  will  be  sent  out  to  all  mem- 
bers of  the  Society  from  the  National  headquarters,  and  also  to 
others  planning  to  attend  the  Convention  who  send  in  requests 
for  these  certificates.  Over  6000  will  be  issued.  Certificates  are 
issued  on  the  basis  of  official  requests  only,  except  so  far  as  the 
members  of  the  Society  are  concerned.  Added  to  this  list  to  whom 
railroad  certificates  will  be  sent  must  be  added  the  totals  of  guests 
from  points  near  Pittsburgh  who  will  not  avail  themselves  of 
the  rate  or  those  who  will  desire  to  return  home  another  way,  or 
to   continue  their   journey  to   another  city. 

Pittsburgh  has  declared  itself  out  to  win  the  National  pen- 
nant for  the  best  and  biggest  and  most  enjoyable  National  Con- 
vention the  A.  S.  S.  T.  has  ever  held.  Radib  invitations  will  be 
forecasted  inviting  the  general  public  to  attend  the  convention 
and  exposition.  The  Pittsburgh  committee  co-operating  with  the 
National  President,  T.  D.  Lynch,  and  the  National  Secretary  have 
been  working  for  months  in  their  efforts  to  present  the  most 
comprehensive  and  complete  program  ever  offered  at  an  annual 
convention.  Morning  sessions  will  be  given  over  to  general  meet- 
ings, while  the  afternoons  will  be  devoted  to  round  table  sessions 
and  symposiums. 

The  speakers  before  the  general  morning  sessions  will  in- 
clude many  men  of  nation  wide  reputation.  Not  only  will  America 
be  predominantly  represented  in  the  program  but  the  convention 
itself  will  take  on  an  international  aspect  inasmuch  as  papers  are 
to  be  presented  by  representative  men  of  England.  France,  Japan 
and  Germany. 

The  entertaining  program  has  not  been  overlooked,  every 
moment  not  taken  up  with  business  meetings  or  visiting  exhibits 
will  be  given  over  to  pleasure.  The  250  members  of  the  Pitts- 
burgh chapter  are  exerting  every  eflFort  to  give  the  visiting  mem- 
bers and  guests  the  time  of  their  life.  The  right  hand  of  good 
fellow.ship   will   be   extended.      Every   minute   that   isn't   taken   up 
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with  constructive  thought  will  be  devoted  to  seeing  that  the  visi- 
tors carry  away  a  proper  impression  of  the  hospitality  of  Pitts- 
burgh. 

The  exposition  which  is  to  be  one  of  the  big  features  of 
the  fifth  annual  convention  of  the  A.  S.  S.  T.  will  open  at  Mon- 
day noon,  October  8,  and  all  of  the  visiting  guests  and  members 
will  participate  in  the  opening  exercises.  The  exposition  at  De- 
troit last  year  was  by  far  the  largest  that  had  been  held  by  the 
Society,  yet  there  has  been  thirty  per  cent  more  space  taken  for 
the  Pittsburgh  show  than  for  the  Detroit  exposition,  and  it  is 
confidently  believed  that  by  the  time  the  exposition  doors  are 
open  every  available  foot  of  space  will  be  engaged.  The  expo- 
sition has  grown  to  such  size  and  the  requests  for  space  have 
been  so  heavy  that  it  will  be  necessary  to  use  two  floors  in  Pitts- 
burgh in  order  to  accomodate  the  firms  desiring  to  present  their 
products  for  examination  and  inspection.  On  the  sub-floor  will 
be  located  the  meeting  room  of  the  Society  where  the  afternoon 
round  tables  and  sessions  will  be  held.  A  novel  feature  has 
been  added  to  the  sub-floor  in  order  to  make  it  especially  attrac- 
tive and  as  a  point  of  interest  for  the  members,  so  the  entire 
floor  is  to  be  given  an  Egyptian  setting  and  there  also  is  to  be 
located  an  exact  replica  of  King  Tut's  Tomb.  This  combined 
with  the  oriental  music  and  other  features  now  being  planned 
will  all  contribute  to  adding  a  spirit  of  good  fellowship  and  en- 
thusiam  to  the  exposition.  At  least  20,000  are  expected  to  visit 
the   convention   and   exposition. 

The  members  of  the  various  Pittsburgh  committees  who  are 
working  so  diligently  for  the  success  of  the  1923  convention  and 
exposition  are  as   follows : 

General   Chairman 

J.   Trautman,   Jr.,   Asst.  Gen.  Sales   Manager,   Colonial    Steel    Co.     Telephone 
—Court  0582. 

Representatives  of  Board  of  Directors  A.  S.  S.  T. 

T.    D.   Lynch,    Research   Engineer,   Westinghouse   Electric   and    Mfg.    Co. 
W.   H.  Eisenman,   National   Secretary  A.   S.   S.   T. 

Chairman  of  the  Meetings  and  Papers  Committee 

Prof.    Stephen    L.   Goodale,    Prof,   of    Metallurgy,    University   of    Pittsburgh. 
Telephone — Schenly  3300. 
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P.  J.   Ncely.   Frank  Garrett.  J.  M.  Camp.   W.  A.   Mathias.   R.   D.   McMil'-en. 
J.    \V.    Weitzenkorn.    C.    M.   Johnson,    and    Phiroz    Kutar. 

Chairman    of    Fixanck    ComiIittee 

Roy    C.    McKenna,    President,    Vanadium    Alloys    Steel    Co.,    Latrobe,    Pa. 
Floyd    Rose,    Harry    A.    Kraeling,    Dr.    B.    D.    Saklatwalla. 

Chairman    Entertainment    Committee 

N.    B.   Hoffman,    Metallurgist   &    Chemist.    Colonial    Steel    Co. 

H.  A.   Bathgate,   W.  A.   Carter,  M.  W.   Caruthers,    Roy  H.   Davis,   Edward 

H.    Fischer,   Floyd   B.   Bowman,    R.   D.    Fennel,    D.    R.   Loughrey,    L.   A. 

Way,    DuRay    Smith,   W.   J.    Prestlcy,   W.    I.    Mclnnerney. 

Chairman   Ladies'   Entertainment 

J.   A.    Succop,    Metallurgist,  Heppcnstall    Knife    &    Forge    Co.      Telephone — 

Fisk   0916. 

R.   R.    Arts,    W.    C.    Emery,  M.    F.    McOmber.    T.    S.    Tung,    John    Ludwig, 

Geo.   Hopkins. 

Chairman    Local   Exhibition    Committee 

Walter    Buechner,    E.    F.    Houghton    Co.      Telephone — Smithfield    1960. 
Hugh    Rodman,    J.    B.    Moore,    D.    C.    Bakewell.    Frank    A.    Bond,    H.    R. 

McMahon,     R.     H.     Pauley,     D.     H.     Horn,     Harrv     S.     Hunter,    G.    L. 

Kronfeld.     Harrv     L.     Barr,    W.    H.     Phillips.     R.     C.    Heaslett,    F.    C. 

Riddle. 

Chairman    Information    Committee 

D.    W.    McDowell.    205    Conniston    Avenue.     Pittsburgh,     Pa.      Telephone — 

Grant   5072. 
J.  J.  Jones,  Geo.  L.  Leffler,  H.  L.  Walker,  S.   B.   Phelps  and  B.  F.  Westo.i. 

Chairman    Transportation    Committee 

Wallace    B.    Crowe,    Metallurgist,    Armor    Plate    Dept.,    Carnegie    Steel    Co. 

Telephone — Homestead    1211. 
C.    L    Neidringhaus,    A.    M.    Cox.    B.    L.    Jarrctt,    and    H.    C.    Lou:lcnbeck 

Chairman    Hotels    Committee 

R.     E.     Polk.     Engineering     Department.     Equitable     Gas     Co.     Telephone — 

Grant    3200. 
R.   S.  Bedworth.   R.  W.   Dalrymple,    C.   K.   Dunmeyer,   Wm.   J.   Linderfelder, 

Q.    S.    Syndcr,   J.    W.    Taylor.    Clarence    E.    Wise.    F.    M.    Warring,    and 

E.    C.    Cook. 

Chairman    Publicity    Committee 

A.     M.     Staehle.     Publicity     Department.     Westinghouse    Electric     Mfg.     Co. 
H.    L.   Walker,   Secretary   General    Committee.    1521    Monterey    Street.    Pitts- 
burgh. 
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HOTEL  RESERVATIONS  FOR  THE   CONVENTION 

IN  ORDER  that  our  meml)ers  and  guests  may  be  well  taken 
care  of  during  the  time  of  the  annual  convention  of  the 
Society  to  be  held  in  Pittsburgh,  October  8  to  12  inclusive,  we 
are   publishing   in   this   issue   (if   the   Transactkjns   a   list   of    the 


WILLIAM   PE.W   HOTEL 
Convention    Headquarters 

hotels  at  Pittsburgh  so  that  you  can  make  your  reservations 
immediately  and  thus  be   sure   of  accomodations. 

In  writing  to  the  hotel  please  state  the  price  and  kind  of 
room  you  wish,  and  request  them  to  acknowledge  your  com- 
munication confirming  the  reservation  and  price. 

The   hotels   in   Pittsburgh   will   be   packed   to   their   utmost 
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capacity  to  take  care  of  the  enormous  number  who  will  visit 
the  city  during  the  convention,  consequently,  we  cannot  urge 
you  too  strongly  to  make  your  reservations  at  once.  It  will 
be  necessary  for  you  to  state  that  you  are  attending  the  con- 
vention of  the  American  Society  for  Steel  Treating,  otherwise 
your   reservation    may   be   refused. 

In  case  you  have  difficulty  in  securing  the  accomodations 
you  wish,  a  communication  addressed  to  the  chairman  of  the 
hotels  committee,  R.  E.  Polk,  chief  industrial  engineer,  Equit- 
able Gas  Company,  Pittsburgh,  Pa.,  will  receive  prompt  at- 
tention and  your  wishes  will  be  taken  care  of. 

List   of    Pittsburgh   Hotels 

William  Penn 
(Headquarters) 

375     Rooms     with     bath,    2     persons,    Rate     $3.50-5.00     each 
375     Rooms     with     bath,     1     person,      Rate       4.00-8.00 

Fort   Pitt 

190  Rooms     with     bath,  2  persons,  Rate  $2.50-5.00     each 

100  Rooms  without  bath,  2  persons,  Rate  2.50             each 

190  Rooms     with     bath,  1  person,  Rate  3.50-9.00 

100  Rooms  without  bath,  1  person,  Rate  3.00 

Hotel   Henry 

12     Rooms     with     bath,     4     persons,    Rate     $2.50  each 

12     Rooms     with     bath,     2    persons.    Rate       3.00  each 

24     Rooms     with     bath,     1     person.      Rate       4.00  up 

Anderson   Hotel 

20  Rooms     with     bath,     4  persons,  Rate  $2.50  each 

24  Rooms  without  bath,  4  persons,  Rate  2.00  each 

10  Rooms  without  bath,  2  persons,  Rate  2.50  each 

20  Rooms  without  bath,  1  person,  Rate  3.00 

General   Forbes 

17  Rooms     with     bath,  4  persons.  Rate  $2.00  each 

9  Rooms     with     bath,  2  persons.  Rate  3.00  each 

24  Rooms  without  bath,  2  persons,  Rate  1  50  each 

25  Rooms     with     bath,  1  person.  Rate  4.00  up 

Seventh  Avenue   Hotel 

14  Rooms  with  bath,  4  persons,  Rate  $2.50-3.00  each 
10  Rooms  with  bath,  2  persons.  Rate  2.50-3.00  each 
20     Rooms  without  bath,  2     persons,    Rate       2.00-2.50     each 

Pittsburgh    Natatorium 

(For    gentlemen    only) 
175  Rooms,  with  swimming  pool,  cots,    1   person,   Rate     $2.00 
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Monongahela   House 

10     Rooms     with     bath,     2     persons.    Rate  $3  00             each 

40     Rooms  without  bath,  2     persons,    Rate  2.00              each 

Schenley   Hotel 

5     Rooms     w^ith     bath,     4     persons,    Rate  $3.00             each 

10     Rooms     with     bath,     2     persons,    Rate  4.00              each 

10     Rooms  without  bath,  2     persons,    Rate  3.00              each 

10     Rooms     with     bath,     1     person,      Rate  7.00 

10     Rooms  without  bath,   1     person,      Rate  4.00 

Rittenhouse  Hotel 

25     Rooms     with     bath,     2     persons.    Rate  $2.00-3.00     each 

20     Rooms     with     bath,     1     person.      Rate  3.00-4.00 

Y.  M.  C.  A.,  East  Liberty 

10     Rooms  without  bath,  1     person.     Rate  $2.00 

Negri  Hotel 

25     Rooms,     with     bath,     1     person,     Rate  $3.00 

New   Sixth    Avenue 

15     Rooms     with     bath,     2     persons.    Rate  $3.00-4.00     each 

15     Rooms  without  bath,  2     persons.    Rate  2.50-3.00     each 

10     Rooms     with     bath,     1     person.     Rate  3.00 

5     Rooms  without  bath,  1     person.      Rate  2  00-3.00 

Chatham    Hotel 

5     Rooms     with     bath,     4     persons.    Rate  $2.00             each 

20     Rooms     with     bath,     2     persons.    Rate  3.00-5.00     each 

20     Rooms  without  bath,  2     persons.    Rate  2.50-3.00     each 

15     Rooms     with     bath,     1     person.      Rate  3.00 


EASTERN  SECTIONAL  MEETING  WELL  ATTENDED 

*"  I  ^  HE  Eastern  Sectional  meeting  held  in  Bethlehem,  Pa., 
-^  June  14  and  15,  1923  under  the  auspices  of  the  Lehigh  Val- 
ley chapter  of  the  society  proved  to  be  a  most  successful  and 
interesting  meeting  from  every  viewpoint,  and  was  probably 
the  most  successful  sectional  meeting  that  has  been  held. 

The  papers  program  consisted  of  two  technical  sessions. 
the  first  being  held  Thursday  afternoon,  June  14  at  1 :30  p.m. 
in  the  University  room  of  the  Hotel  Bethlehem.  The  meeting 
was  called  to  order  by  A.  P.  Spooner,  metallurgist  of  the 
Bethlehem  Steel  Company  and  chairman  of  the  Lehigh  X'alley 
chapter  of  the  A.  S.  S.  T.  who  introduced  John  J.  Crowe, 
metallurgist  of  Philadelphia  Navy  Yards,  who  acted  as  chair- 
man   for    this   meeting. 

An  address  of  welcome  was  given  by  Archibald  Johnson, 
vice  president  of  the  Bethlehem  Steel  Company  who  in  a  very 
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cordial  manner  welcomed  the  members  and  guests  of  the  vari- 
ous chapters  of  the  American  Society  for  Steel  Treating  to 
Bethlehem.  Following  Mr.  Johnson's  talk,  President  T.  D. 
Lynch  remarked  briefly  in  reference  to  the  activities  of  the 
American    Society   for    Steel   Treating. 

The  first  technical  paper  of  this  session  was  presented  by 
Dr.  F.  C.  Langenberg  of  the  Watertown  Arsenal,  entitled  "Be- 
havior of  Metals  Under  Normal  and  Sub-Normal  Tempera- 
tures". The  second  paper  by  F.  R.  Palmer  of  the  Carpenter 
Steel  Company,  Reading,  Pa.,  entitled,  "Equalization  of  Intern- 
al and  External  Strains  in  Tool  Steel".  The  third  paper  by 
B.  F.  Shepherd,  IngersoU-Rand  Company,  was  entitled  "Case 
Hardening".  Each  of  these  papers  treated  their  subjects  in  a 
most  capable  manner,  bringing  forth  considerable  interesting 
and  valuable  discussion.  These  papers  will  be  published  in 
early  issues  of  Transactions. 

The  evening  program  consisted  of  a  dinner  and  entertain- 
ment for  members,  guests  and  ladies  in  the  bail  room  of  the 
Hotel  Bethlehem.  The  speaker  for  this  dinner  meeting  was 
Dr.  E.  J.  Cattell  of  Philadelphia  who  gave  a  very  interesting 
talk    on    "America's    Progress". 

The  Friday  morning  program  consisted  of  an  inspection 
trip  through  the  plants  of  the  Bethlehem  Steel  Company. 
The  visitors  assembled  at  the  Battery  building  of  the  steel 
company  at  8:45  for  the  inspection  of  the  permanent  exhibit 
of  products  made  by  the  steel  company  and  then  proceeded 
through  the  various  plants  of  the  steel  mills.  This  trip  cov- 
ered the  points  of  interest  which  were  outlined  in  the  May 
issue  of  Transactions.  Luncheon  was  served  at  one  o'clock  in 
the  dining  room  of  the  main  office  of  the  Bethlehem  Steel 
Company  and  from  there  the  members  proceeded  to  Drown 
hall  of  Lehigh  university  where  the  second  technical  session 
was  held. 

Under  the  chairmanship  of  Sam  Tour  this  session  was 
called  to  order  and  was  first  addressed  by  Dr.  C.  R.  Richards, 
president  of  Lehigh  university  who  greeted  most  cordially 
the  members  of  the  society,  welcoming  them  to  Lehigh  uni- 
versity. The  first  technical  paper  entitled  "Practical  Metal- 
lography" was  presented  by  R.  H.  Christ  of  the  Bethlehem 
Steel  Company,  and  the  second  paper  entitled   "The   Develop- 
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merits  of  Heat  Resisting  Metals"  was  given  by  Victor  Hybi- 
nette  of  the  British  America  Nickel  Company  of  Wilmington. 
Each  of  these  papers  brought  forth  many  interesting  features 
in  reference  to  their  subjects  and  were  well  discussed  after 
tlieir   presentation. 

The  visiting  ladies  were  well  entertained  by  various   trips 
around    Bethlehem    including   an   automobile    trip   to    Delaware 
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Group  of  Members  Who  Attended  the  Eastern  Sectional  Meeting  Assembled  at  the 
Battery  Building  of  the  Bethlehem  Steel  Coinpany,  which  was  the  Starting  Point  of  the 
Plant    Inspection    Trip. 

Water  Gap  and  the  historical  points  of  interest  in  and  about 
Bethlehem.  More  than  150  members,  of  the  various  chapters, 
but  principally  those  from  the  eastern  chapters  attended  this 
meeting  and  as  evidenced  by  the  enthusiasm  of  all  of  these 
members,  this  sectional  meeting  was  highly  successful  and 
bids  well  for  the  continued  success  of  the  sectional  meetings 
of  which  this  was  the  fourth. 
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CRYSTALLIZATION   OF   IRO'N   AND   ITS   ALLOYS-I* 
By  Albert  Sauveur 

Abstract 

This  paper  describes  the  dendritic  crystallisation 
of  iron  carbon  alloys  and  its  further  trausformcitions 
and  calls  attention  to  the  importance  of  its  study.  It 
is  shoivn  that  the  properties  of  steel  depend  upon  its 
microstructure  and  its  persistent  dendritic  segregation, 
and  that  the  latter  is  not  affected  by  the  usual  heat 
treatments,  ivhile  hot  working  causes  deformation  of  the 
segregated  areas  and  results  in  directional  properties. 
The  action  of  certain  reagents  in  revealing  dendritic 
segregation  is  e.rplained  as  zvell  as  the  relation  existing 
between  the  dendritic  or  solidification  structure  and  its 
microstructure. 

Introduction 

A  TINY  drop  of  liquid  iron  or  of  steel  should,  on  solidifying, 
if  it  obeyed  only  the  laws  of  crystallography,  be  converted 
into  a  regular  octahedron  (Fig.  1).  Such  perfect  crystals  with 
faultless  geometrical  outlines  are  called  idiomorphic  crystals.  The 
octahedron  is  a  form  belonging  to  the  cubic  or  regular  (isometric) 
system  of  crystallization.  Iron  and  steel  like  most  metals,  crystal- 
lize in  the  cubic  system.  Iron,  moreover,  when  it  solidifies,  exists 
in  the  allotropic  condition  known  as  gamma  iron.  The  octahedron, 
therefore,  is  the  crystalline  form  of  gamma  iron.  The  gradual 
growth  of  octahedral  crystals  has  been  studied  and  it  has  been 
observed  that  the  main  axes  are  formed  first,  and  tliat  this  is 
followed  in  quick  succession  by  the  appearance  of  secondary  and 
ternary  axes  and  finally  by  the  filling  up  of  the  intersiices  between 
the  axes,  (Fig.  2).  If  the  liquid  could  be  removed  before  this 
filling  up  takes  place,  we  would  obtain  what  is'  sometimes  de- 
scribed as  skeleton  crystals  (Fig.  3). 

Crystals  grow  through  the  successive  addition  of  small 
crystalline  units  symmetrically  arranged  according  to  the  system  of 
crystalliation  to  which  they  belong.     If  these  units  are  cubic  their 

•As  it  is  the  author's  intention  to  publisih  other  papers  on  this   same  subject,   he  has, 
for   ease   in    later    referring   to   it,    numbered    this    article:     I. 


A  paper  to  be  presented  at  the  annual  convention  of  the  Society, 
Pittsburgh,  October  8-12.  The  author  is  professer  of  metallurgy.  Har- 
vard University,  Cambridge,  Mass.  Written  discussion  of  this  paper 
is  invited. 
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corresponding  faces  will  lie  in  parallel  planes.  This  is  called 
the  orientation  of  the  crystals  and  constancy  of  orientation  is  a 
property  of  all  crystals.  Because  of  this  crystalline  orientation, 
crystals  possess  direction  of  easy  rupture  known  as  cleavage 
planes.      Cubic    crystals    have   three   cleavage    planes,    ABC,    DEF, 


Fig.  1 — Regular  Octahedron.  Perfect  Crys- 
tals Conforming  to  such  Faultless  Geometric 
Outlines    are    called    Idiomorphic    Crystals. 


Fig.  2 — Gradual  Growth  of  Octahedral  Crys- 
tals. From  Belaiew's  "Crystallization  of  Metals'", 
(After    Knop). 

and  GHI,  Fig.  4,  parallel  to  the  three  sets  of  faces  of  the  solid. 
Constancy  of  crystalline  orientation  imparts  also  unlike  properties 
in  different  directions,  that  is,  causes  anisotropy.  In  the  case  of 
the  octahedron  one  may,  following  Howe,  conceive  the  crystalline 
units  to  be  cubic,   (Fig.  5).       Such  octahedral  crystal  would  then 
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have  three  planes  of  cleavage  parallel  to  one  of  the  three  pairs 
of  faces  of  the  small  cubes  and  four  planes  parallel  to  one  of 
the    four   pairs   of    faces   of   the   octahedron. 

A  tiny  drop  of  liquid  iron  or  of  liquid  steel  will  not,  how- 
ever, assume,  on  solidifying,  the  external  form  of  an  octahedron 
because  of  contact  with  the  support  on  v/hich  it  is  solidifying,  and 


Fig.   3 — Skeleton  of   Octahedral  Crystals.      (After 
Tschernoflf.) 

of  other  factors  opposing  the  crystallographic  forces.  It  does 
crystallize,  however,  and  the  mechanism  of  its  crystallization  is  that 
of  the  octahedron.  Lacking  the  external  geometrical  form  -of 
perfect,  idiomorphic  crystals,  but  retaining  a  true  crystalline 
structure,  they  are  called  allotriomorphic  crystals. 

If  a  considerable  mass  of  liquid  iron  or  of  liquid  steel  could 
be  conceived  to  exist  without  its  container,  suspended  in  space  in 
the  form  of  a  liquid  sphere  or  cube,  and  if  crystallization  started 
at  the  center  of  the  solid  and  proceeded  with  equal  velocity  and 
without  hindrance  in  all  directions,  the  result  would  be  a  single 
very  large  idimorphic  crystal,  a  perfect  octahedron.  Liquid 
metals,  however,  must  of  necessity  be  held  in  containers,  the  form 
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of  which  they  retain  after  sohdification,  notwithstanding  the 
crystalHzing  forces  which  would  cause  them  to  assume  octahedral 
forms.  Assuming  that  the  crystallization  of  liquid  steel  in  its  mold 
could    proceed    from   one    center    only,    and   could    complete    itself 


Fig.  4 — Cleavage  Planes  of  a  Cubic  Crystal 
{After  Mellor).  Cubic  Crystals  have  Three 
Cleavage  Planes  as  shown  by  ABC,  DEF,  and 
GHI,  Parallel  to  the  Three  Sets  of  Faces  of  the 
Solid. 


Fig.  5 — Octahedral  Crvstal  Composed  of  Small 
Cubes  (After  H.  M.  Howe).  Such  an  Octahedral 
Crystal  would  have  Three  Planes  of  Cleavage 
Parallel  to  One  of  the  Three  Pairs  of  Faces  of 
the  Small  Cubes  and  Four  Planes  Parallel  to  One 
of    the    Four    Pairs    of    Faces    of    the    Octahedron. 


without  change  of  orientation,  it  would  be  octahedral  in  its  habit 
and  would  result  in  a  single,  very  large  allotriomorphic  crystal, 
bavins:    for    its    external    form    the    internal    form    of    the    mold. 
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Masses  of  steel  made  up  of  but  one  crystal  would  probably  be 
very  brittle  because  of  the  readiness  with  which  crystals  can  be 
ruptured  along  their  cleavage  planes.  They  would  also  inherit  the 
directional  properties  of  single  crystals.  They  would  be  anisotropic. 

Dendrites 

When  a  metal  crystallizes,  however,  in  passing  from  the  liquid 
to  the  solid  state,  crystallization  proceeds  from  many  centers  or 
nuclei  and  the  solidified  mass  is  finally  made  up  of  a  great  many 
crystals  each  one  having  its  own  orientation.  In  the  case  of  iron 
and  steel,  if  the  crystallizing  forces  could  have  free  play,  a 
perfect  octahedron  would  be  formed  around  each  nucleus  and  the 
solidified  metal  would  consist  of  many  juxtaposed  octahedra. 
Opposing  and  disturbing  factors  intervene,  however,  such  as  sur- 
face tension  and  contact  with  neighboring  crystals  likewise,  in  process 
of  formation,  which  prevent  the  crystals  from  assuming  regular 
geometrical  forms.  In  other  words,  allotriomorphic  and  not 
idiomorphic  cr\'stals  are  produced.  The  mechanism  of  their  for- 
mation remains,  however,  octahedral  in  character.  The  disturbing 
factors  mentioned  above  cause  each  individual  octahedral  growth 
to  increase  more  rapidly  in  some  directions  than  in  others  and 
generally,  elongated  crystaljites  known  as  "dendrites"  are  obtained 
as  in  Fig.  6.  They  are  also  called,  because  of  their  appearance, 
"pine"  or  "fir-tree"  crystals.  Such  fully  developed  dendrites  are 
generally  found  in  the  "pipes"  of  large  ingots  hanging  to  the  roof, 
like  stalactites,  (Fig.  7).  Belaiew  describes  dendrites  as  elongated 
aggregates  of  octahedra. 

Solidified  masses  of  iron  or  steel,  therefore,  are  made  up  of  a 
great  many  dendrites  closely  interlocked,  (Fig.  8  and  9).  While, 
each  crystal  possesses  directional  properties,  while  it  is  anisotropic, 
the  mass  as  a  whole  may  be  considered  isotropic,  possessing  uniform 
properties  in  all  directions.  Directional  properties  may  indeed  be 
imparted  to  steel  as  later  explained,  but  this  is  not  due  to  the  aniso- 
tropy  of  the  small  crystals  of  which  it  is  made  up.  It  should  be 
borne  in  mind  that  the  number,  size,  and  form  of  these  crystals, 
and,  therefore,  the  properties  of  the  castings,  will  necessarily  be 
influenced  by  a  number  of  factors,  such  as  composition,  initial 
casting  temperature,  rate  of  solidification,  etc.  It  should  be 
further  observed  that  the  cooling  action  of  the  walls  of  the  mold 
has  a  tendency  to  impart  a  "radial"  or  "columnar"   structure  to 
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the  casting  (Fig.  10  and  11),  the  main  axes  of  the  external  den- 
drites being  normal  to  the  walls. 

It  should  not  be  expected  that  the  physical  properties  of  such 
a  casting  will  be  uniform  throughout.     Test  pieces  cut   from  the 
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Fig.  6 — Steel  Dendrite.  (Reduced  yi.) 
Such  Formations  are  also  Called  "Pine" 
or  "Fir-Tree"  Crystals  and  are  Gen- 
erally Found  in  the  Pipes  of  Large  In- 
gots, Hanging  from  the  Roof  like  Stalac- 
tites. 


portions  of  the  casting  having  a  radial  dendritic  structure  will  of 
necessity  exhibit  different  properties  from  those  possessed  by  test 
pieces   cut    from   the   central   portion    where   the   dendritic   growth 
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has   not   been   so  powerfully   influenced   by  the   cooling  action   of 

the  walls.     Steel  castings  are  necessarily  structurally  heterogeneous. 

When   it   will   be   shown  that  the   dendritic   segregation   which 

accompanies  the  formation  of  dendrites  cannot  be  effaced  by  sub- 


Fig.   7 — -Steel   Dendrites  in   Sinking   Head   of   Large   Ingot. 
(After    Tschenioflf.) 


Fig.  8 — Dendritic  Segregation  in  Steel.  (After 
Tsc  t-rnoff. )  Solidified  Masses  of  Iron  or  Steel 
are  Made  Up  of  a  Great  Many  Dendrites  Closely 
Interlocked. 


sequent  heat  treatments,  and  that  its  influence  persists  even  after 
mechanical  working,  the  importance  of  its  study  will  be  readily 
appreciated. 

Mechanism    of   Dendritic   Growth 
Let  us  assume  a  single  dendritic  crystal  in  process  of   forma- 
tion. Fig.  12.     It  is  believed  on  very  good  ground  that  the  primary 
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Fig.     9 — Dendritic     Segrrcgation     in     Steel,     Magnified     2      Diameters. 
Krivobok  in  author's   laboratory.) 

Fig  10 — Radial  Detidritic  Crystallization  in  Steel.  (After  Tschernoff.)  The 
Cooling  Action  of  the  Wulls  of  the .  Mold  has  a  Tendency  to  Impart  a  Radial  or 
Columnar  Structure  to  the  Casting.  The  Main  Axes  of  the  External  Dendrites  are 
Normal  to  the  Walls. 
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axis  forms  first  and  that  this  is  followed  quickly  by  the  appear- 
ance of  secondary  and  ternary  axes.  These  axes  grow  and  thicken 
through  gradual  deposition  of  cubic  or  octahedral  partiqles  of  soild 
metal  until,  finally,  the  interstices  between  them  are  filled  up  in  a 
like  manner  and  the  dendrite  is  completed.  Its  external 
shape  will  necessarily  be  influenced  by  eventual  contact  with  neigh- 


Coo/inj    SurfQct 


Fig.    11 — Sketch    Showing   the    Formation    of   Radial    or    Columnar 
Structure    in    Steel    Castings    (After    Tschernoff). 

boring  dendritic  growths  and  boundary  lines  should  exist  between 
them.  (Fig.  13).  It  is,  however,  only  occasionally  that  these 
boundary  lines  can  be  brought  out  as  in  Fig.  14.  If  the  iron  is 
chemically  pure,  the  dendrite  will  necessarily  be  chemically  homo- 
geneous in  all  its  parts,  and  will  form  at  a  constant  temperature, 
namely,  at  the  solidification  point  of  iron.  If  we  accept  Rosen- 
hain's  theory  in  regard  to  the  existence  of  an  amorplwus  film  or 
cement  between  crystals  formed  from  the  liquid  state,  then  we 
must  assume  that  each  dendrite  is  enclosed  within  an  amorphous 
membrane  or  bag.  While  the  amorphous  theory  has  been  bril- 
liantly conceived  and  vigorously  upheld  and  while  it  explains  sat- 
isfactorily many  phenomena,  it  should  not  be  accepted  as  proven 
fact.  Let  us  employ  it  as  a  useful  tool,  and  be  ready  to  discard 
it   whenever  a   better   one   is   at   hand. 

Detection  of  Dendritic  Growth 
Whenever  it  is  possible  for  crystals  to  grow  free!y,  without 
hindrance  from  neighboring  growths,  as  for  instance  in  pipes  of 
large  ingots  (Fig.  7),  the  dendrtic  character  of  the  crystallization 
of  iron  and  steel  is  clearly  revealed.  A  mass  of  steel,  however,  is 
composed  of  closely  interlocked  dendrites  and  to  study  its  crystal- 
lization we  must  examine  polished  and  suitably  treated  plane  sur- 
faces.    Such  sections  should  have  the  appearance  shown  in  Fig.  9. 
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When  the  dendritic  character  of  the  crystahzation  of  steel  is 
clearly  revealed,  these  dendrites  and  their  boundaries  are  generally 
so  large  that  they  can  be  observed  with  the  naked  eye.  The  struc- 
ture is  then  said  to  be  macroscopic,  to  distinguish  it  from  structures 
so  small  as  to  require  the  use  of  a  microscope  for  their  detection, 
that  is,  from  microscopic  structure.  We  talk,  therefore,  of  macro- 
structure  and  of  microstructure.  The  terms  dendritic  structure 
and  macrostructure,  however,  should  not  be  used  indifferently  as 
having  the  same  meaning  because  a  dendritic  structure  is  not  nec- 
essarily macroscopic,  nor  a  macrostructure  necessarily  dendritic. 
The  dendritic  structure  of  iron  and  steel  may  properly  be  called 
"primary  structure"  and  the  large  grains  enclosed  within  the  den- 
dritic boundaries  "primary  grains."  They  are  generally  macro- 
scopic in  size,  hence,  we  may  also  talk  of  macro  and  of  micro- 
grains. 

The  possibility  of  bringing  out  the  dendritic  structure  of  steel 
through  some  suitable  treatment  of  polished  sections  should  be 
considered.  It  would  seem  as  if  there  should  be  no  difficulty  in  re- 
vealing the  existence  of  boundaries  between  adjoining  dendrites 
because,  even  in  chemically  pure  metals,  those  boundaries,  if  they 
do  not  consist  of  amorphous  cement,  mark  at  least  changes  of 
crystalline  orientation.  As  already  mentioned,  however,  the  exist- 
ence of  these  boundaries  are  often  very  difficult  to  bring  out.  An 
etching  treatment  to  be  effective  must  necessarily  be  selective  in 
its  action,  and  in  order  that  it  may  be  selective,  the  sample  under 
study  must  be  chemically  or  physically  heterogeneous.  In  the 
absence  of  such  heterogeneity,  selective  action  by  the  reagent  is 
impossible  and  the  structure  remains  hidden.  Assuming  a  dendrite, 
therefore,  perfectly  homogeneous  in  all  its  parts,  physically  and  chem- 
ically, its  structure  cannot  be  brought  out  by  etching  methods.  It 
should  be  the  case  with  chemically  pure  iron.  When  so  called 
chemically  pure  iron  is  considered,  however,  it  is  well  to  remember 
that  such  purity  is  hardly  obtainable  and  that  a  very  small  propor- 
tion of  impurity,  possibly  little  more  than  a  trace,  may  suffice  to 
produce  in  the  dendrite  the  necessary  heterogeneity  required  for 
the  selective  action  of  the  reagent.  It  should  be  further  considered 
that  while  iron  may  be  reported  free,  or  practically  free,  from  the 
ordinary  impurities  it  may  still  contain  some  gases  held  in  solution 
and  this  may  suffice  to  produce  dendritic  heterogeneity. 
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Dendrites  of  Solid  Solution 
Let  us  assume  a  metal  or  metalloid  M'  dissolved  in  a  metal  M 
and  let  us  assume  the  soluble  component  M'  to  have  a  lower  melt- 
ing point  than  the  solvent  M.  As  soon  as  the  solidification 
range  of  the  alloy  is  reached,  dendrites  begin  to  form  at  many 
centers,  or  nuclei,  throughout  the  cooling  mass.  Let  us  consider  a 
single  dendrite  and  follow  the  mechanism  of  its  formation,  (Fig. 
12).    The  main  axis  of  the  crystal  will  be  the  first  one  to  appear 


p^,. 


,y 


III! 
M  I   I   I 


jf>cor>c/a''y    axe's 


+^-^ 


■t^^ 


""-y 


Comp/e/e  dendr/fe 
w/fh  boundor/es 


Boundaries    0/7/^ 
(/iacro  yroin) 


Gro 


Fig.     12 — Diagrammatic     Sketch     Showing    the     Growth     of    a     Dendrite.     The     A.xes 

w    and    Thicken    Through    Gradual    Deposition    of    Cubic    or    Octahedral    Particles    of 

Solid  Metal  until  Finally  the  Interstices  between  them  are  Filled  Up  in  a  Like  Manner 
and   the   Dendrite   is    Completed. 

and  it  will  be  considerably  richer  in  the  high  melting-point  constit- 
uent, that  is,  in  the  metal  M,  tlian  the  liquid  from  which  it  forms. 
Secondary  and  ternary  axes  will  follow  in  turn  as  fhc  temperature 
of  the  alloy  continues  to  fall  and  these  w^ill  contain  more  of  the 
more  fusible  metal  than  the  main  axis  but  still  less  of  it  than  the 
molten  metal.  Finally,  the  interstices  between  the  axes  will  solidify 
and   will   contain   more   of    the  "low   melting   point   metal    M'   than 
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the  axes.  In  other  words,  the  formation  of  a  dendrite  of  a  solid 
sokition  imphes  a  gradual  segregation  of  the  low  melting  point 
constituent  as  the  dendrite  grows,  the  portion  of  last  solidification 
being  the  richest  in  that  constituent.  The  boundaries  between  ad- 
joining crystalline  growths,  since  they  are  the  last  to  solidify, 
should  contain  more  of  the  fusible  constituent  than  any  portion  of 
the  dendrites  themselves.  If  the  boundaries  between  the  dendrites 
are  occupied,  as  some  believe,  by  amorphous  metal  or  cement,  it 
seems  obvious  that  this  amorphous  material  must  be  much  richer 
in  the  low  melting   point   melal    than   the   original   alloy.    We   lack 


Fig.  13 — Dendrites  and  L'ouadaries. 
(After  Desch.)  The  External  Shape  will 
Necessarily  be  Influenced  by  Eventual 
(■ontact  with  Neighboring  Dendritic 
Growths  and  Boundary  Lines  Should 
Exist      Between      Them. 


experimental  evidence,  however,  that  this  is  actually  the  case.  The 
mechanism  of  the  foniiation  of  solid  solutions,  therefore,  neces- 
sarily implies  the  production  of  chemically  heterogeneous  den- 
drites. The  segregation  producing  this  heterogeneity  may  be 
called   dendritic  segregation. 

While  this  heterogeneous  dendrite  is  in  the  process  of  forma- 
tion, however,  the  phenomenon  of  diffusion  asserts  itself  and 
tends  to  produce  chemical  homogeneity  through  the  migration  of 
some  metal  M  from  the  parts  in  which  it  abounds  to  portions 
deficient  in  tliat  constituent  and  in  a  like  manner  migration  of  some 
of  the  metal  M'  from  the  fillings  to  the  axes.  This  diffusion  con- 
tinues probably  on  cooling  below  solidification  and  is  ]-)romoted  by 
a  slow  solidification,  long  sojourn  at  high  temperatures  and  slow 
cooling.  Complete  diffusion  would  efface  altogether  the  dendritic 
segregation  and  a  chemically  homogeneous  dendrite  would  be  ob- 
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tained.  It  would  then  be  impossible  as  previously  explained  to  dis- 
close by  etching  methods  the  dendritic  crystallization  since  selective 
action  could  not  take  place.  Impossibility  of  bringing  out  a  den- 
dritic structure  in  an  iron  or  steel  casting  must  be  considered  as 
an  indication  of  a  chemically  pure  metal  or  of  a  solid  solution  freed 
by  diffusion  from  dendritic  segregation.  Dendritic  segregation  al- 
ways occurs  when  a  solid  solution  forms  and  complete  diffusion  is 
very  rare.     While  diffusion  may  decrease  to  a  considt^rable  extent 


Fig.    14 — Dendrites    and    Boundaries. 
Laboratory.) 


X/4.      (By    V.    N.    Krivobok    in    the    Author's 


dendritic  segregation  it  does  not  efface  it  completely  and  the  den- 
drites at  room  temperature  remain  chemically  heterogeneous. 

If  the  dendrites  of  a  solid  solution  are  chemically  heterogen- 
eous, that  is,  if  their  axes  have  a  different  chemical  composition 
from  the  fillings,  it  becomes  possible  to  bring  out  the  dendritic 
structure  through  the  selective  action  of  suitable  etching  reagents. 
In  the  case  of  iron-carbon  alloys,  for  instance,  some  copper  etching 
reagents  may  cause  a  deposition  of  copper  on  the  axes  while  the 
fillings  remain  unaffected,  (Fig.  9). 
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Dendritic  Segregation  in  Iron-Carbon  Alloys 
The  fact  that  the  dendritic  structure  of  steel  can  generally  be 
readily  revealed  by  suitable  etching  treatments  is  an  indication 
that  the  dendrites  of  steel  are  chemically  heterogeneous,  that  is,  that 
the  dendritic  segregation  has  not  been  completely  eliminated  by 
subsequent  diffusion.  It  is  important  to  know  what  constituents 
are  chiefly  responsible  for  this  dendritic  segregation.  We  may 
confine  our  attention  to  the  three  constituents  which  form  with  iron, 
solid  solutions,  namely,  carbon,  phosphorus  and  silicon.  Stead 
claimed  long  ago  that  phosphorus  was  chiefly,  if  not  altogether, 
responsible  for  dendritic  segregation.  This  view  was  generally 
accepted  and  is  still  the  prevailing  one  today. 

According  to  Stead  the  main  axes  contain  comparatively  little 
phosphorus,  the  secondary  and  ternary  axes  a  larger  amount,  and 
the  fillings  a  still  greater  quantity.  While  diffusion  may  cause 
a  decrease  of  phosphorus  segregation,  it  cannot  erase  it  and  the 
dendrites  at  room  temperature  remain  heterogeneous  as  to  phos- 
phorus distribution.  On  etching  polished  sections  with  some  cop- 
per, reagents,  copper  is  deposited  on  the  axes  which  are  compar- 
atively free  from  phosphorus,  while  it  fails  to  be  deposited  on  the 
fillings  which  contain  considerably  more  phosphorus.  Dendritic 
structure  is  in  this  way  revealed.  Stead  claims  further  that  phos- 
phorus expels  carbon  from  the  portions  of  the  dendrites  Avhere  the 
former  predominates  into  portions  containing  little  phosphorus, 
that  is,  it  expels  carbon  from  the  fillings  and  concentrates  it  in 
the  axes. 

The  following  experiment  aft'ords  a  striking  confirmation  of 
the  claims  that  phosphorus  produces  persistent  dendritic  segrega- 
tion and  that  in  passing  through  the  thermal  critical  range,  carbon 
migrates  from  the  portions  rich  in  phosphorus,  namely  the  fillings, 
to  segregate  in  the  axes,  which  contains  relatively  little  phos- 
phorus. Using  armco  iron,  a  steel  ingot  was  prepared  containing 
0.17  per  cent  carbon  and  0.39  per  cent  phosphorus.  It  was  found 
that  on  etching  this  steel  with  the  usual  solution  of  nitric  acid  and 
alcohol,  a  very  clear  dendritic  structure  was  revealed,  (Fig.  15). 
Upon  closer  investigations,  it  was  discovered  that  the  axes  were 
made  of  pearlite  while  the  fillings,  undoubtedly  rich  in  phosphorus, 
were  free  from  carbon  (Figs.  16  and  17)  ;  hence  the  possibility 
of  bringing  out  a  dendritic  structure  by  nitric  acid  etching.  After 
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Fig  ]=; — nentlritic  Segregations  Revealed  by  Etching  with  Nitric  Acid.  X4. 
FK;  16-Same  as  Fig.  IS.  X— 65  ;  Fig.  17-Sanie  as  Fig  l^;.,,.  X-1000-  J'ff' 
16  and  17  Show  that  the  Axes  Were  Made  of  Pearhte,  while  the  Fillings  Undoubtedly 
Kich  in  Phosphorus,  Were  Free  from  Carbon,  Hence  the  Possibility  of  Bnngmg  Oiit 
the  Dendritic  Structure  by  Nitric  Acid  Etching.  Fig.  18— Same  as  1- ig.  IJ.  X— 85. 
Etched  with  Lp^Chatelier  Reagent.  After  treatment  with  LeC  hatelier  Reagent  a  Similar 
Dendritic  Structure  is  Obtained  Through  the  Copper  Being  Deposited  on  the  Phos- 
phorus-free Fcrrite  of  the  Pearlite  Axes.  The  Fillings  Were  not  Aflfected.  (Micrographs 
by  V.  D.  Krivobok  in  author's  laboratory.)  Analysis;  Carbon,  0.17  per  cent,  Phosphorus, 
0.39    per   cent. 
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treatment  with  the  Le  Chateher  reagent,  a  similar  dendritic  struc- 
ture is  obtained  (Fig.  18)  through  the  copper  having  deposited  on 
the  phosphorus-free  ferrite  plates  of  the  pearlitic  axes,  while  the 
impure  ferrite  constituting  the  fillings  was  not  affected,  except  for 
the  ferrite  immediately  surrounding  the  pearlitic  axes  where  it  is 
freer  from  phosphorus,  thus  producing  an  intense  coring  effect. 

The  conclusions  seem  warranted  that,  on  solidifying,  the  phos- 
phorus, by  locating  in  the  fillings  of  the  dendrites,  ])roduced  in- 
tense and  peristent  dendritic  segregation  and  that  on  cooling  through 
the  thermal  critical  range,  the  phosphorus  caused  the  carbon  to 
leave  the  fillings  and  to  collect  in  the  axes  resulting  in  pearlitic 
axes  and  ferrite  fillings.  While  we  have  here  a  strong  indication 
that  phosphorus  produces  persistent  dendritic  segregation  and  that 
it  is  capable  of  expelling  carbon  from  the  regions  where  the 
former  abounds,  it  would  not  be  wise  to  infer  that  phosphorus 
alone  is  responsible  for  persistent  dendritic  segregation,  because 
such  segregation  has  been  found  repeatedly  in  steel  practically 
free  from  phosphorus.  We  are  led  to  inquire,  therefore,  what 
other  elements  besides  phosphorus  are  capable  of  producing  it. 

Persistent  dendritic  segregation  caused  by  phosphorus  results, 
on  working  the  steel,  in  the  formation  of  ferrite  bands  or  ghosts 
(the  drawn  fillings)  rich  in  phosphorus  and  inclusions  and  in 
pearlitic  bands  (the  drawn  axes)  as  shown  in  Fig.  20. 

Le  Chatelier  has  challenged  Stead's  contention  that  persistent 
dendritic  segregation  in  steel  was  always  due  to  the  presence  of 
phosphorus.  In  his  opinion  oxygen  is  the  element  responsible  for 
it.  He  finds  that  when  steel  containing  phosphorus  is  melted  in 
hydrogen  and  is  therefore  free  or  nearly  free  from  oxygen,  a  dendritic 
structure  cannot  be  brought  out  by  etching,  which  indicates  ab- 
sence of  dendritic  segregation.  On  the  other  hand,  steel  free  from 
phosphorus  but  melted  with  free  access  of  air  and  therefore  con- 
taining oxygen  is  found  to  be  dendritic  after  etching.  Additional 
experimental  evidences  are  needed  in  order  to  strengthen  or  to  dis- 
prove the  accuracy  of  this  contention. 

Disregarding  for  the  moment  what  element  or  elements  are 
responsible  for  persistent  dendritic  segregation  and  therefore  for 
the  possibility  of  revealing  by  etching  the  dendritic  character  of 
the  crystallization  of  steel,  it  may  be  considered  as  firm^  estab- 
lished  that   after   solidificalion   all    steels   are   composed   of   closely 
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interlocked  dendrites  (Fig.  9).  If  we  refer  to  Fig.  19  in  which 
the  steel  portion  of  the  iron-carbon  diagram  has  been  reproduced, 
it  will  be  noted  that  the  dendrites  formed  as  the  alloy  cools  from 
its  liquidus  AB  to  its  solidus  ACD.     In  the  complete  absence  of 
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Fig.  19. — Steel  Portion  of  the  Iron-Carbon  Equilibrium  Diagram. 
It  will  be  Noted  that  the  Dendrites  Form  as  the  Alloy  Cools  from 
Its  Liquidus  AB  to  Its  Solidus  ACD.  In  the  Complete  Absence  of 
Carbon  these  Dendrites  Necessarily  Form  at  a  Constant  Temperature, 
Namely  at  the  Melting  Point  of  Pure  Iron.  As  the  Carbon  Increases 
the  Distance  Between  Liquidus  and  Solidus  Increases  and  Becomes 
Maximum  at  LOO  per  cent  Carbon.  From  1.00  to  1.80  per  cent 
Carbon    it    Remains    Practically    the    Same    Length. 

carbon  these  dendrites  necessarily  form  at  a  constant  temperature, 
namely,  at  the  melting  point  of  pure  iron.  As  the  carbon  in- 
creases the  distance  between  liquidus  and  solidus,  that  is,  the 
solidification    range,    increases    and    becomes    maximum    at    about 


1923  CRYSTALLIZATION    OF    IRON  29 

1.00  per  cent  carbon.  From  1.00  to  1.80  per  cent  carbon  it  remains 
practically  of  the  same  length.  The  question  may  reasonably  be 
asked  whether  the  length  of  the  solidification  range  has  any  in- 
fluence on  the  size  of  the  dendrites — whether  a  long  range  of 
solidification  promotes  the  formation  of  more  or  of  fewer  den- 
drites ;  whether  the  number  of  dendrites  in  eutectoid  steel,  for  in- 
stance, with  its  wide  range  of  solidification  is  greater  or  less  than 
the  number  of  dendrites  in  hypo-eutectoid  steel?  While  there  is 
good  ground  for  believing  that  the  dendrites  of  eutectoid  steel 
and  of  hyper-eutectoid  steel  are  smaller  than  those  of  hypo-eutec- 
toid steel  doubt  still  exists  as  to  whether  this  difference  is  due  to 
differences  in  the  solidification  ranges  of  the  steels  or  to  differ- 
ences in  their  carbon  content. 

Granulation   of   Dendrites 

If  the  dendritic  structure  of  steel  resulting  from  solidification 
underwent  no  modification  or  transformation  on  further  cooling, 
all  steels  at  room  temperature  would  consist  of  interlocked  austen- 
itic  dendrites.  Although  their  properties  would  undoubtedly  vary 
somewhat  w^ith  their  carbon  content  and  the  size  and  form  of  the 
dendrites,  they  would  possess  the  characteristics  of  the  solid  solu- 
tion austenite.  They  would  be  very  resistant  to  abrasion,  very 
difficult  to  machine  and  they  would  be  nonmagnetic.  They  would 
resemble  Hadfield's  manganese  steel  and  would  have  a  limited 
range  of  application. 

On  cooling  from  the  solidus  to  room  temperature,  however, 
very  important  transformations  occur  which  impart  entirely  new 
properties  to  the  metal.  When  a  sample  of  carbonless  iron  or  of 
steel  containing  a  very  small  amount  of  carbon  is  allowed  to  cool 
slowly  from  the  liquid  state  to  room  temperature,  it  is  found  on 
microscopical  examination,  after  etching  with  the  usual  reagents, 
to  be  made  up  of  small  polyhedral  crystals  or  micrograins.  If  a 
little  carbon  is  present,  small  particles  of  pearlite  will  also  be 
formed.     (Figs.  21  and  22). 

From  the  foregoing  description  of  the  formation  of  dendrites 
and  of  macrograins  on  solidification  it  seems  evident  that  these 
small  micrograins  must  have  formed  after  solidification ;  that  they 
result  from  a  breaking  down  of  the  dendrites.  This  theory,  ad- 
vanced by  Belaiew  gives  us  the  only  acceptable  explanation  of 
the  relation  between  the  microstructure  of   steel  and  its  dendritic 
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FIG.  20 — Banded  Structure  in  Rolled  Steel  Caused  by  Persistent  Dendritic  Phos- 
phorus Segregation.  X  — 100.  Fig.  21 — Polyhedral  Microstructure  of  Carbonless  Iron 
X — 125.  (By  D.  C.  Lee  in  author's  laboratory)  ;  Fig.  22 — Polyhedral  Microstructure 
of  Low  Carbon  Steel.  X — 100.  (By  E.  L.  Chao  in  author's  laboratory)  ;  Fig.  23^- 
Network  Structure  in  Hypoeutectoid  Steel  Casting.  X — 65.  Fig.  24 — Cleavage 
Structure  in  Hypoeutectoid  Steel  Casting,  Showing  the  Well  Known  Widmanstatten 
Structure.  Etched  with  Nitric  Acid.  X  — 100.  (Figs.  23  and  24  by  V.  D.  Krivobok. 
in   author's    laboratory.) 
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structure,  j^euerally  of  macro  size.  Belaiew  argues  that  when  steel 
coois  from  the  sohdus  to  the  thermal  critical  range  the  dendrites 
and  the  large  grains  constituted  by  the  boundaries  of  th(,se  dendrites 
undergo  a  process  of  granulation.  The  granulation  zone  corres- 
ponds to  the  area  ACDIOE  of  the  equilibrium  diagram  (Fig.  19). 
In  cooling  through  this  zone  each  dendrite  breaks  up  into  a  num- 
ber of  small  (micro)  grains,  each  having  its  own  crystalline  orien- 
tation. Since  they  form  above  the  thermal  critical  range,  thev 
are  austenitic  micrograins.  Such  a  process  necessarily  implies  the 
disappe:.'rance  of  the  dendrite  as  a  crystalline  unit.  In  other  words, 
a  large  allotriomorphic  crystal  necessarily  of  constant  crystalline 
orientation  throughout  has  been  transformed  into  a  number  of  small 
allotriomori)hic  crystals  every  one  with  its  own  orientation  and, 
therefore,  independent  crystalline  existence. 

An  examination  of  the  zone  of  granulation,  that  is.  of  the 
area  ACDIGE.  of  the  equilibrium  diagram  reveals  the  fact  that 
the  width  of  that  zone  varies  greatly  in  different  steel.  For  car- 
bonless iron  it  extends  from  about  1500  to  900  degrees  Cent., 
(2730  to  1690  degrees  Fahr.),  covering  a  range  of  6<X)  degrees 
Cent.  (1110  degrees  Fahr.).  As  the  carbon  increases  the  granula- 
tion zone  decreases  slightly.  For  eutectoid  steel,  it  still  covers  a 
range  of  500  degrees  Cent.  (930  degrees  Fahr.)  (  from  1200  to  700 
degrees  Cent.)  As  the  eutectoid  point  is  passed,  however,  the 
granulation  zone  decreases  very  rapidly.  With  1.50  per  cent  car- 
bon it  is  reduced  to  1.30  degrees  Cent.  (  1130  to  1000  degrees  Cent.) 
With  1.80  per  cent  carbon  the  granulation  zone  disai)pears.  Hypo- 
eutectoid  and  eutectoid  steels,  therefore,  have  wide  granulation 
zones  (500  to  600  degrees  Cent.),  while  in  hyper-eutectoid  steel  the 
granulation  zone  is  rapidly  narrowed,  being  finally  reduced  to 
zero.  It  is  pertinent  to  ask  whether  for  like  cooling  conditions 
the  extent  of  the  granulation  zone  affects  the  number  of  the  re- 
sulting grains ;  whether  the  grains  of  hypo-eutectoid  steel  should 
be  for  that  reason  more  or  less  numerous  than  the  grains  resulting 
from  the  granulation  of  hyper-eutectoid  steel.  We  naturally  infer 
that  the  absence  of  a  granulation  range  in  steel  containing  1.80 
per  cent  carbon  must  signify  that  the  dendrites  of  .-teel  of  that 
composition  do  not  break  up  into  independent  crystalline  grains. 

The   nature    of   the   boundaries    surrounding   the   micro-grains  • 
resulting    from    the    crystallographic   breaking    up   of    the    primary 


TRANSACTIOXS    OF 

:i2  AMERICAN   SOCIETY   FOR   STEEL    TREATING  July 

dendrites  should  be  considered.  Rosenhain  in  formulating  and 
explaining  his  amorphous  cement  theory  contends  that  amorphous 
iron  exists  at  the  boundaries  of  the  micrograins  on  the  ground 
that  they  coincide  with  the  last  films  of  metal  to  solidify.  If  the 
granulation  theory  of  .  Belaiew  is  correct,  Rosenhain  must  be 
wrong,  since  these  small  grains  were  not  formed  during  solidifi- 
caton  but  bclozv  solidification.  Amorphous  iron  should  exist  at 
the  boundaries  surrounding  the  dendrites  according  to  Rosenhain, 
l)ut  not.  at  least  not  for  like  reasons,  at  the  boundaries,  between 
the  micrograins.  It  might  be  argued  that  amorphous  cement  exists 
also  at  the  boundaries  between  the  micrograins  on  the  ground  that 
when  a  crystallographic  form  is  transformed  into  another  crystal- 
lographic  form  the  substance  must  first  assume  the  amorphous 
state  and  that  this  state  is  retained  at  the  boundaries,  the  final 
amorphous  films  surrounding  the  grains  being  too  thin  to  assume 
the   crystalline   orientation   of    either   of    the  adjoining   grains. 

Seeing  that  the  dendrites  formed  during  solidification  are  en- 
tirely destroyed  through  the  granulation  they  undergo  between  the 
solidus  and  the  thermal  critical  range,  it  is  at  first  a  source  of 
surprise  that  we  should  ever  be  able  to  bring  out  a  dendritic  struc- 
ture in  steel  at  room  temperature.  The  answer  to  the  apparent 
enigma  is  that  the  possibility  of  revealing  a  dendritic  structure 
tJirough  etching  treatment  does  not  depend  upon  the  existence  of 
dendrites  but  upon  the  existence  of  dendritic  segregation  and  that 
ivhile  granulation  obliterates  the  dendrites  it  does  not  affect  den- 
dritic segregation.  The  segregating  element,  whatever  it  may  be. 
occupies  the  same  portions  of  the  original  dendrite  even  after  the 
latter  has  undergone  granulation.  Treatment  with  the  copper 
reagent,  for  instance,  still  results  in  a  deposit  of  copper  on  those 
portions  of  the  polished  surface  once  occupied  by  dendritic  axes 
since  those  portions  are  as  free  from  the  segregating  element  as 
they  were  before  granulation.  The  result  is  a  dendritic  structure 
generally  of  macro-size  brought  out  by  suitable  reagents  and  re- 
sulting from  dendritic  segregation  and  a  micro-structure  resulting 
from  the  granulation  of  the  dendrites     . 

From  the  close  examination  of  a  great  many  samples  treated 
with  the  Le  Chatelier  reagent  the  author  reached  the  conclusion 
that  copper  is  deposited  on  fcrritc  only  and  that  when  botJi  ferrite 
rich   in   the  segregating  clement  and  fcrritc  poor  in   that  clement, 
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for  brevity  of  speech  impure  and  pure  ferritc,  arc  present,  it  is  on 
flic  pure  ferritc  only  that  copper  is  deposited.  In  the  absence  of 
ferrite,  in  austenitic  and  martensitic  steels,  for  instance,  it  is  quite 
impossible  to  develop  a  dendrtic  structure  by  means  of  the  Le 
Chatelier  reagent.  It  does  not  follow,  however,  that  dendritic  segre- 
gation does  not  exist  in  these  steels  and  that  it  cannot  be  revealed 
by  other  reagents  or  other  treatments. 

Secondary    Crvstallizatiox    and    Microstrlctlre 
It  has  been  shown  that  steel  on  cooling  from  the  liquid  state 
to  its  thermal  critical  range  solidifies  through  the  formation  of  many 
dendrites,  that  these  dendrites  midergo  granulation  on  cooling  below 
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Fig.     25 — Diagrammatic     Sketch     of     the     Austenitic     Grain     Passing     Through      Its 
Thermal   Critical   Range. 

the  solidus  but  that  the  dendritic  segregation  which  necessarily  ac- 
companies the  formation  of  solid  solutions  persists.  On  reaching 
the  thermal  critical  range  therefore  all  steels  are  made  up  of  grains 
generally  of  micro-size  resulting  from  the  granulation  of  austenitic 
dendrites  generally  of  macro-size,  with  the  possible  exception  of 
-Steel  containing  1.80  per  cent  carbon  which  has  no  granulation 
range. 
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We  should  now  consider  what  takes  place  when  tlie  steel  cools 
through  its  thermal  critical  range  to  room  temperature.  The  mech- 
anism of  that  transformation  is  well  known.  If  the  steel  is  of 
eutectoid  composition  such  a  grain  of  austenite  is  converted  into 
a  grain  of  pearlite  at  the  single  critical  point  of  that  steel.  (Fig. 
25).  If  the  steel  is  hypo-eutectoid  a  certain  amount  of  ferrite  sep- 
arates from  the  solid,  austenitic  solution  on  entering  the  critical 
range  until  the  remaining  austenite  finally  of  eutectoid  composition 
is  transformed  into  pearlite  at  the  bottom  of  the  range  that  is  at  the 
Arj  point.  If  the  steel  is  hyper-eutectoid,  it  is  cementite  which 
separates  in  a  like  fashion  in  cooling  through  the  range.  In  Fig. 
25  it  has  been  assumed  that  the  entire  amount  of  ferrite  or  of  ce- 
mentite is  rejected  to  the  boundaries.  It  will  soon  be  shown  that 
some  of  the  separating  constituents  may  be  retained  in  the  cleavage 
planes  of  the  grains. 

When  carbonless  iron  cotjls  through  its  upper  critical  point, 
it  passes  from  the  gamma  to  the  alpha  condition*  and  since  the 
cube  is  the  crystallographic  form  of  alpha  iron  while  the  octahedron 
is  the  crystallographic  form  of  gamma  iron  it  must  be  assumed 
that  each  grain  undergoes  at  that  temperature  a  crystallographic 
transformation.  In  hypo-eutectoid  steel  the  ferrite  which 
separates  on  entering  the  critical  range  and  keeps  on  separat- 
ing on  cooling  through  the  range,  passes  immediately  from  the 
gamma  to  the  alpha  condition  and  must  therefore  be  made  up  of 
small  cubic  crystals.  That  alplia  ferrite  is  made  up  of  small  cubic 
crystals  can  be  readily  revealed  by  suitable  etching  tests. 

Belaiew  calls  the  transformation  taking  place  during  the  criti- 
cal range,  secondary  crystallization. 

The  speed  of  cooling  through  the  critical  range  has  a  marked 
efifect  u])on  the  location  and  distribution  of  the  separating  constitu- 
ent, ferrite  or  cementite,  and  therefore  upon  the  final  .structure  of 
the  casting.  Speeds  of  cooling  sufficiently  slow  to  permit  complete 
separation  of  the  excess  ferrite  or  cementite  and  final  transforma- 
tion of  the  remaining  austenite  into  pearlite  are  alone  considered 
here.  Bealiew  believes  that  if  the  cooling  through  the  range  be  ex- 
tremely slow  the  separating  constituent  is  given  the  necessary  time 
to  reach  the  boundaries  of  the  crystalline  grains  and  distinct  net- 
work structures  are  obtained.  (Fig.  23).  If  on  the  contrary  the 
cooling  is  too  rapid  to  permit  this  migration  the  separating  element 

*The    author    purpo.sely    disregards    here    the    jiossibility    of    gamma    iron    transforming 
into   beta    iron,    lest    he    draw    the    fire    of    the   anti-beta    contingent. 
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will  be  retained  to  a  greater  extent  in  the  crystallograj^hic  jManes 
of  the  octahedral  crystals  and  the  well  known  Widmanstiitten  or 
cleavage   structure   will   result.      (Fig.   24). 

According  to  Belaiew  a  very  shnv  cooling  througii  the  granu- 
lation zone  promotes  the  formation  of  the  Widmanstatten  type  of 
structure  on  quick  cooling  through  the  critical  thermal  range.  In 
spite  of  Colonel  Belaiew's  brilliant  defense  of  his  conception  of  the 
formation  of  the  Widmanstatten  structure,  it  fails  to  fully  satisfy. 
It  is  difficult  at  the  outset  to  oppose  his  theory  because  he  wins 
both  ways.  When  the  Widmanstatten  structure  is  obtained  after 
rapid  cooling  through  the  zone  of  secondary  crystallization,  it  is 
in  accordance  with  his  conception,  and  when  such  structure  results 
from  slow  cooling  through  the  zone,  it  likewise  conforms  with  his 
theory  on  the  ground  that  it  is  then  due  to  undercooling. 

It  is  hardly  necessary  to  insist  on  the  fact  that  steel  castings 
exhibiting  the  network  structure  cannot  be  expected  to  have  properr 
ties  identical  to  those  of  castings  exhibiting  the  Widmanstatten 
structure,  although  identical  in  chemical  composition.  In  the 
majority  of  cases  steel  castings  exhibit  a  structure  having  some  of 
the  characteristics  of  both  types,  that  is,  in  which  the  separating 
constituent  is  situated  partly  at  the  l)oundaries  and  i^artlv  at  the 
cleavage  planes.     This  may  be  called  "mixte"  structure. 

It  is  not  unreasonable  to  suppose  that  the  size  of  the  grains 
formed  during  granulation  and  which  is  probably  dependent 
upon  the  size  of  the  dendrites  may  influence  the  final  structure, 
that  is,  may  induce  or  oppose  the  network  type  of  structure  or  the 
Widmanstatten  type.  Will  a  large  austentitic  grain  for  instance 
result  in  a  Widmanstatten  structure  more  readily  thsn  a  smaller 
grain  of  the  same  steel  ?  Seeing  that  in  a  large  grain  the  separat- 
ing constituent  has  a  longer  way  to  travel  to  reach  the  boundary, 
it  seems  that  this  might  be  the  case.  Assuming  this  reasoning  to 
be  .sound,  Widmanstatten  structures  should  form  more  readily  in 
hypo-eutectoid  than  in  hyper-eutectoid  steels,  since  the  former  for 
like   cooling  conditions   have   larger   grains. 

Many  queries  of  a  practical  nature  come  to  mind.  Will  a 
network  structure  respond  to  the  annealing  treatment  more  readily 
than  the  Widmanstatten  structure  and  should  it  therefore  be  pro- 
moted in  our  castings?  It  is  not  likely  that  both  behave  in  a 
similar  manner ;  one  must  be  preferable  and  should  be  induced  and 
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while  one  type  might  be  more  advantageous  in  castings  that  are 
not  to  be  annealed,  the  other  type  may  be  more  desirable  in  castings 
to  be  annealed.     This  opens  up  an  important  field  of  investigation. 

In  high  carbon  steel  the  zone  of  granulation  is  very  narrow 
and  when  the  metal  contains  1.80  per  cent  carbon  it  is  non-existent, 
(Fig.  19).  High  carb.on  steels,  therefore,  should  have  very  .small 
austenitic  grain  on  reaching  their  critical  range  ID,  (Fig.  19). 
While  it  would  seem  as  if  this  must  result  in  the  separating  ce- 
mentite  readily  reaching  the  boundaries  and  forming  network 
structures,  Belaiew  believes  that  in  such  high  carbon  steel  the 
cementite  has  a  tendency  to  separate  parallel  to  the  crystallographic 
axes  of  the  dendrites,  giving  rise  to  structures  that  he  calls  "large 
crystals."'  In  the  extreme  case  of  an  alloy  containing  1.80  per  cent 
carbon,  since  the  metal  does  not  granulate  at  all,  as  soon  as  it  has 
solidified,  (D,  Fig.  19).  cementite  begins  to  be  rejected  by  the 
cooling  dendrite  and  locates  itself  along  the  crystallographic  axes  of 
that  dendrite. 

To  further  clarify  and  sum  up  the  foregoing  discussion  let  us 
follow  the  solidification  and  cooling  to  room  temperature- of  car- 
bonless iron,  hypo-eutectoid  steel,  eutectoid  steel,  hyper-eutectoid 
steel  and  steel  containing  1.80  per  cent  carbon. 

Solidification   of   Carbonless   Iron 

Carbonless  iron  solidifies  at  1530  degrees  Cent.   (2785  degrees 
Fahr.)   when  dendrites  of  gamma  iron*  are  formed.     The  dimen- 
sions of  the  dendrites  probably  depend   on   the   rate  of   cooling,  a 
rapid  solidification  causing  the  appearance  of  a  greater  number  of 
nuclei   and   therefore   of   smaller   dendrites.      If    the    'n^n   contains 
some  impurity  subject  to  persistent  dendritic  segregation,  chemically 
heterogeneous    dendrites    will    result    and    their    detection    will    be 
possible   at    room   temperature    through    the    selective    action    of    a 
suitable    reagent.      If    it    does    not    contain    .such    impurities,    the 
dendrites  will  be  chemically  homogeneous  and  it  will  not  be  pos- 
sible to  reveal  by  etching  the  dendritic  character  of  the  solidifica- 
tion of  the  metal.     Accepting  Rosenhain's  theory,  the  boundaries 
tretween  adjoining  dendritic  growths  should  be  occupied  by  amor- 
to  lus  iron.      In   cooling   from   the   solidification   point   to   900   de- 
works   Cent.    (1690  degrees   Fahr.)    every   dendrite  breaks  up   into 

LOO  »'pj,g   author   intentionally   ignores    the   posfibility   of    the    dendrites    consisting   of    delta 
Ton    before    granu'ation    and    of    gamma    iron    after    granulation. 
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small  (micro)  grains  of  gamma  iron.  The  number  and,  therefore, 
dimensions  of  these  grains  prottably  depend  upon  the  rate  of 
cooling  through  the  granulation  zone  and  on  the  size  of  the  den- 
drites which  in  turn  depends  upon  the  rate  of  solidification.  On 
reaching  the  upper  critical  point  of  pure  iron,  at  about  900  de- 
grees Cent.  (1690  degrees  Fahr.),  each  grain  of  gamma  iron  is 
converted  into  a  grain  of  beta  iron,  or  according  to  those  who 
deny  the  existence  of  beta  iron,  into  a  grain  of  alpha  iron,  accom- 
l)anied  by  a  transformation  of  the  octahedral  units  of  gamma  iron 
into  the  cubic  units  of  alpha  iron. 

At  room  teTnperature,  carbonless  iron  consists  of  a  mass  of 
polyhedral  micro-grains  of  alpha  iron  which  have  been  formed 
in  situ  at  the  point  Ar^  through  the  transformation  of  as  many 
grains  of  gamma  iron,  themselves  formed,  during  the  granulation 
zone  through  the  crystallographic  breaking  up  of  the  dendrites 
resulting  from  solidification.  If  persistent  dendritic  segregation 
exists  treatment  with  the  Le  Chatelier  reagent  will  result  in  copper 
being  deposited  on  the  ferrite  of  tlie  axes  because  it  contains  less 
of  the  segregated  element  or  elements  than  the  ferrite  of  the  fillings. 
In  this  way,  although  the  dendrites  themselves  no  longer  exist,  the 
dendritic  character  of  the  crystallization  of  iron  stands  revealed. 
Solidification  of  Hypo-eutectoid  Steel 

Let  us  now  follow  the  solidification  and  cooling  to  room  tem- 
perature of  a  hypo-eutectoid  steel.  Let  us  assume  that  it  contains 
0.50  per  cent  carbon.  The  solidification  of  such  steel  will  begin 
at  about  1475  degrees  Cent.  (2685  degrees  Fahr.)  and  will  be 
complete  at  1300  degrees  Cent.  (2370  degrees  Fahr.),  Fig.  19). 
It  will  proceed,  therefore,  as  the  temperature  is  falling  and  will 
cover  a  range  of  some  175  degrees  Cent.  (345  degrees  Fahr.). 
Crystallization  starts  at  many  centers  or  nuclei  and  dendrites  are 
formed,  their  number  and  size  depending  on  tlie  speed  of  solidifica.- 
tion,  a  greater  speed  probably  inducing  a  greater  number  of  nuclei 
and,  therefore,  a  greater  num])er  of  dendrites  necessarily  of 
smaller  size.  These  dendrites  consist  of  a  solid  solution  of 
carbon  in  gamma  iron,  that  is,  of  au;tenite.  In  cooling  through 
the  granulation  zone  which  extends  from  13(X)  to  750  degrees 
Cent.  (2370-1380  degrees  Fahr.).  these  austenitic  dendrites 
generally  of  macro-size  are  converted  into  small  micro-grains 
of    austenite,    each    one    with    its    own    orientation    and.    therefore. 
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independent  crystalline  existence.  The  number  of  these  grains 
and,  consequently,  their  size  likewise  will  depend  upon  the  size 
of  the  original  dendrites  and  the  rate  of  cooling  through  the 
granulation  zone.  It  seems  reasonable  to  assume  that  a  rapid 
cooling  through  the  zone  of  granulation  will  induce  the  for- 
mation of  a  greater  number  of  grains  necessarily  of  smaller  di- 
mensions. At  a  temperature  of  about  750  degrees  Cent.  (1380 
degrees  Fahr., )  the  steel  now  composed  of  many  austenitic 
grains  of  micro-size  enters  its  critical  range  which,  following 
Belaiew,  we  may  call  zone  of  secondary  crystallization.  At 
about  690  degrees  Cent.  (1275  degrees  Fahr.)  it  emerges  from 
that  zone  transformed  into  an  aggregate  of  ferrite  and  cemen- 
tite.  As  previously  explained  and  according  to  Belaiew,  if 
the  cooling  through  that  range  has  been  sufftciently  slow,  a  net- 
work structure  will  result,  whereas  a  faster  cooling  tends  to 
produce  the  Widmanstatten  type  of  structure  or  a  combination 
of  both  types  which  we  may  call  "mixte"  structure.  If  the  grains 
formed  in  the  granulation  zone  are  large,  a  Widmanstatten  struc- 
ture should  be  produced  more  readily  because  of  the  greater  dis- 
tance to  be  covered  by  the  separating  ferrite  in  reaching  the  bound- 
aries in  order  to  form  network  structures  and  a  slow  cooling 
through  the  granulation  zone  should  promote  the  formation  of 
large   austenitic   grains. 

If  the  dendritic  segregation  which  necessarily  accompanies 
the  formation  of  solid  solutions  has  persisted,  a  treatment  with  the 
Le  Chatelier  reagent  will  cause  a  deposition  of  copper  on  the  free 
ferrite  present  in  the  axes  as  well  as  upon  the  ferrite  plates  of 
the  pearlite  in  these  axes,  while  the  free  ferrite  and  the  pearlite- 
ferrite  occupying  the  fillings  will  not  be  coated.  This  is  in  con- 
formity with  the  belief  previously  expressed  that  copper  deposits 
only  on  ferrite  and  that  when  both  pure  and  impure  ferrite  are 
present,  it  deposits  selectively  on  the  pure  ferrite  and  not  on  the 
impure  ferrite.  It  follows  that  although  the  dendrites  no  longer 
exist  at  room  temperature,  the  presence  of  dendritic  segregation 
makes  it  possible  to  reveal  the  fact  that  on  solidifying,  the  steel 
crystallized   in  the   form  of  dendrites. 

Solidification    of   Hyper-Eutectoid    Steel 
Let    us    now    consider    a    hyper-eutectoid    steel    containing    1.5 
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per  cent  carbon.  It  solidifies  on  cooling  from  1400  to  1150  de- 
grees Cent.  (2750-2100  degrees  Fahr.)  It  is  then  made  up  of 
austenitic  dendrites,  the  number  and  dimensions  of  which  will  de- 
pend upon  the  rate  of  solidification  as  previously  explained.  The 
granulation  zone  of  this  steel  extends  from  1150  to  1050  degrees 
Cent.  (2100-1920  degrees  Fahr.),  and  in  passing  through  it,  each 
dendrite  breaks  up  into  a  number  of  austenitic  grains,  generally 
of  micro-size,  a  fast  cooling  probably  inducing  the  formation  of 
a  greater  number  of  grains  and  consequently  decreasing  their  size. 
At  1050  degrees  Cent.  (1920  degrees  Fahr.)  the  steel  enters  its 
thermal  critical  range  or  range  of  secondary  crystallization.  At 
the  point  Ar^  about  690  degrees  Cent.  (1275  degrees  Fahr.)  it 
emerges  from  that  range  converted  into  an  aggregate  of  pearlite 
and  cementite,  the  network  type  of  structure  being  promoted  by 
slow  cooling  through  that  range,  and  the  WMdmanstatten  type  by 
fast  cooling.  In  view  of  their  short  granulation  zone,  hyper- 
eutectoid  steels  should  be  made  up  of  smaller  austenitic  grains, 
for  like  cooling  conditions,  on  reaching  their  thermal  critical 
.range,  than  hypo-eutectoid  steels,  and  this  is  known  to  be  so. 

If  the  dendritic  segregation  which  neces-arily  accompanied 
the  solidification  of  the  steel  has  persisted,  it  will  be  possible  by 
treatment  with  the  Le  Chatelier  reagent  to  reveal  the  dendritic 
character  of  that  solidification,  although  the  dendrites  themselves 
no  longer  exist.  Copper  will  be  deposited  on  the  ferrite  plates  of 
the  pearlite  present  in  the  axes  because  of  their  greater  freedom 
from  the  .segregated  element,  while  it  will  not  be  deposited  on 
the  ferrite  plates  of  the  pearlite  in  the  fillings,  owing  to  their  im- 
purity. Copper  will  not  deposit  on  cementite  either  in  the  axes 
or   in   the   fillings.     A  dendritic   structure   is   thus    revealed. 

Steel  containing  1.80  per  cent  carbon  should  not  undergo 
granulation  since  it  enters  its  zone  of  secondary  crystallization  as 
soon  as  it  has  solidified.  Belaiew  believes  that  the  separating 
cementite  will  then  be  located  along  the  crystallographic  axes  re- 
sulting in  what  he  calls  "structure  of  large  crystals."  As  the  rev- 
elation of  a  dendritic  pattern  dei)ends  solely  on  persistent  den- 
dritic segregation,  being  independent  of  the  location  of  the  sep- 
arating constituent,  treatment  with  the  Le  Chatelier  reagent  should 
bring   it    out   by    depositing   copper    on   the    ferrite    plates    of     the 
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pearlite  present  in  the  axes  and   not   on   the   ferrite  plates  of   the 
pearHte   of   the  fillings. 

Influence  of  Heat  Treatment  on  Microstructure 
The  influence  of  heat  treatment  on  the  microstructure  and  on 
the   dendritic   segregation  of   steel   will   now   be  briefly  considered. 
Let  it  be  stated  at  the  start  that   while  a  prolonged  heating  at  a 


es 


Fig.  26 — Dendritic  Segregation  in  Pearlitic  Steel  Annealed  from  1500 
degrees  Fahr.  X — 3.  Etched  with  LeChatelier  Reagent.  (V.  N.  Krivabok  in  author's 
laboratory);  Fig.  27 — Dendritic  Segregation  in  Sorbitic  Steel.  X — 154-.Fig.  28 — 
Dendritic  Segregation  in  Troostitic  Regions  of  a  Quenched  Steel.  Etched  with  LeChat- 
cher     Reagent.      X — 2.      (R.     F.     Smith     in    author's     laboratory.) 


high  temperature  may  induce  diffusion  and,  therefore,  decrease  if 
not  obliterate  dendritic  segregation,  the  commercial  heat  treat- 
ments are  seldom  of  such  character  as  to  cause  much  diffusion. 
It  is  for  this  reason  that  after  such  treatments,  it  is  generally 
found  that  the  dendritic  structure  can  still  be  brought  out  by  suit- 
able treatment.  Dendritic  segregation  still  persists.  If  the  heat 
treatment  results  in  pearlitic  steel,  the  ferrite  plates  of  the  pearlite 
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in  the  axes  as  well  as  any  free  ferrite  which  may  be  present  in 
the  axes  will  be  plated  with  copper  while  the  ferrite  in  the  fillings 
will  not,  (Fig.  26).  If  the  heat  treatment  results  in  sorbitic  steel, 
copper  will  be  deposited  on  the  minute  particles  of  ferrite  present 
in  the  sorbite  of  the  axes.    (Fig.  27). 

Fig.  28  shows  strikingly  the  action  of  the  Le  Chatelier  re- 
agent in  bringing  out  a  dendritic  pattern  in  troostitic  areas  while 
it  fails  to  affect  the  martensitic  portion  of  the  same  sample.  This 
is  further  illustrated  in  Figs.  29  and  30,   where  the  same  spot  of 


Fig.  29. —  Quenched  Hypo-eutectoid  Steel  Etched  with  Nitric  Acid.  X — 500.  Fig.  30 — 
-Same  Spot  of  Specimen  as  Fig.  29  Etched  with  LeChateher  Reagent.  X — 500.  Copper 
has  Deposited  on  the  Ferrite  Particles  Present  in  Troostite  Imparting  a  Mottled 
Appearance  to  the  Constituent,  while  the  Martensitic  Matrix  Remains  White  and 
Brilliant.      (R.    F.     Smith    in    the    author's    laboratory.) 

a  quenched  hypo-eutectoid  steel  casting  has  been  etched  with  dilute 
nitric  acid  and  also  with  the  Le  Chatelier  reagent.  Copper  has 
deposited  on  the  ferrite  particles  present  in  troostite,  imparting  a 
mottled  appearance  to  that  constituent,  while  the  martensitic  matrix 
remains   white  and  brilliant. 

The  fact  that  a  dendritic  structure  may  often  be  brought  out 
in  a   steel   made  troostitic  bv   heat   treatiuent   when   etched   bv   the 
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Le  Chatelier  reagent  is,  in  the  author's  opinion,  an  indication  that 
minute  particles  of  f  errite  are  present  in  troostite ;  in  other  words, 
that  that  constituent  is  of  the  nature  of  an  aggregate. _  Steel  made 
martensitic    or    austensitic    hy    heat    treatment    does    not    exhihit    a 
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Fig.  31 — Dendritic  Segregation  in  Martensitic  Steel  Etched  with  Tincture  of 
Iodine.  X— 2.  Fig.  32 — Dendritic  Segregation  in  Austenitic  (Manganese)  Steel 
Etched  with  Tincture  of  Iodine.  X— 22.  Fig.  33 — Dendritic  Segregation  in  Aus- 
tenitic (nickel)  Steel  Etched  with  Ferric  Chloride.  X— 60.  (Photomicrographs  by 
V.    D.    Krivobok    in    the    author's    laboratory.) 

dendritic  structure  when  treated  with  the  Le  Chatelier  reagent. 
This  is  because  it  does  not  contain  f errite  and  it  is  on  f errite  only 
that   copper   is   deposited.     It    does   not    follow   that    in    such    steel, 
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Fig.  34 — Dendritic  Structure  in  Cast  Steel  Ingot;  Fig.  35 — Same  as  Fig.  34  after 
Being  Reduced  1/5  its  Original  Cross-section  by  Hot  Working;  Fig.  36 — Same  as 
Fig.  34  after  being  Reduced  to  1/30  its  Original  I'ross-section  I)y  Hot  Working; 
Fig.  Z7 — 'Same  as  Fig.  34  Reduced  1/150  its  Original  Cross-section  by  Hot  Working; 
Figs.  38  and  39 — Dendritic  Segregation  in  Longitudinal  and  Transverse  Tensile  Test 
Uars.      (After     Charpy.) 
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dendritic  segregation  no  longer  exists.  It  merely  indicate.-,  that 
the  Le  Chatelier  reagent  is  now  ineffective.  Other  treatments 
must  be  applied.  Indeed,  the  existence  of  dendritic  segregation 
in  martensitic  and  austensitic  steels  may  be  brought  out  by  etching 
with  other  reagents,   (Figs.  31,  32,  33). 

Influence  of   \\'ork  on   Dendritic   Segregation 

If  we  now  turn  to  the  influence  of  work  on  dendritic  seg- 
regation, we  naturally  find  that  the  portions  rich  in  the  segregat- 
ing elements  (the  fillings  of  the  dendrites)  as  well  as  those  poor 
in  these  elements,  (the  axes)  are  elongated  in  the  direction  of  the 
work,  imparting  to  the  hot  worked  steel  the  well  known  lami- 
nated appearance  readily  revealed  by  macro-etching,  (Figs.  34-37.) 
The  steel  seems  to  be  composed  of  parallel  bands.  Some  of  these 
l.iands  contain  much  of  the  segregating  elements  while  others  are 
quite  free  from  them.  The  Le  Chatelier  reagent  deposits  copper 
on  the  latter  while  the  former  remain  little,  if  at  all,  affected. 
Directional  properties  are  in  this  way  imparted  to  steel  by  hot 
working.  The  tensile  strength,  elastic  limit  and  especially  the 
ductility  will  vary  much  in  accordance  with  the  direction  of  test- 
ing, whether  it  is  in  a  direction  parallel  to  tliat  of  the  work,  at 
right  angles  with  it,  or  in  some  other  direction.  In  the  absence 
of  persistent  dendritic  segregation  such  structural  orientation 
should  not  result  from  hot  working  and  the  metal  should  not  ac- 
quire directional  properties.  Indeed  the  author  is  not  aware  that 
directional  properties  can  be  imparted  to  chemically  pure  iron 
by  hot  work.  Obviously,  the  more  pronounced  and  persistent 
the  dendritic  segregation,  the  more  pronounced  the  directional 
properties.  The  direcfional  properties  resulting  from  hot  work- 
ing, combined  with  dendritic  segregation  is  further  illustrated  in 
Figs.  38  and  39.  The  test  bars  were  cut  respectively  in  the  di- 
rection of  the  work  and  at  right  angles.  The  much  greater  duc- 
tility of   the    former  bar   is  clearly   seen. 

Conclusion 

From  the  foregoing,  and  leaving  out  of  consideration,  the 
chemical  composition  and  the  presence  of  inclusions,  it  seems 
reasonable  to  assume  that  the  physical  ])roperties  of  steel  depend 
(a)  upon  its  microstructure  and  (b)  upon  its  persistent  dendritic 
segregation.     The    influence    of    the    microstructure    has    been    ex- 
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haustively  studied.  Init  that  of  the  dendritic  segregation  has  been 
much  neglected ;  indeed  there  are  many  wlio  do  not  even  sus- 
pect its  existence.  This  paper  is  a  plea  for  the  study  of  that  in- 
fluence. 

Persistent  dendritic  segregation  is  ahvays  harmful  and  should, 
if  possible,  be  prevented  or  reduced.  There  seems,  however,  but 
two  ways  of  eliminating  it,  to  wit,  by  the  absence  of  segregating 
elements,  or  by  diffusion  so  complete  as  to  cause  the  dendrites 
to  become  chemically  homogeneous.  In  dealing  with  the  first  of 
these,  w^e  at  once  face  a  difficulty  resulting  from  our  ignorance  of 
the  elements  responsible  for  persistent  dendritic  segregation.  If, 
as  Le  Chatelier  believes,  oxygen  is  that  element,  we  must  of  neces- 
sity always  encounter  some  dendritic  segregation  since  it  is  not 
a  practical  operation  to  melt  our  steels  in  vacuum.  We  may,  how- 
ever, lessen  it  by  reducing,  as  much  as  it  lies,  in  our  power,  the 
oxidation  of  our  steel.  Well  made  electric  steel  and  crucible 
steel  as  well  as  armco  ingot  iron  should  in  that  respect  be  superior 
to  the  product  of  other  steel  furnaces.  If  on  the  other  hand,  fol- 
lowing Stead,  phosphorus,  is  the  chief  cause  of  persistent  dendritic 
.segregation,  there  seems  to  be  little  to  be  done  to  prevent  it  as  the 
steel  of  good  quality  at  present  manufactured  is  as  low  in  phos- 
phorus as  is  practical  to  make  it. 

In  regard  to  the  second  means  of  preventing  persistent  den- 
dritic segregation,  namely  by  promoting  complete  difi"usion  of  the 
segregated  elements,  it  must  be  admitted  that  the  ordinary  heat 
treatments  fail  to  accomplish  this,  although  they  may  in  some 
degree  diminish  segregation.  Very  slow  solidification  should  help. 
Very  long  exposure  to  high  temperature  or  repeated  heating  and 
cooling  through  the  critical  range  would  not  be.  in  the  majority 
of  cases,  a  permissible  operation. 

Admitting  the  impossibility  of  completely  preventing  ]:er- 
sistent  dendritic  segregation,  we  should  recognize  its  existence 
and  use  all  possible  means  for  minimizing  its  harmful  influence. 
We  should  endeavor  to  produce  in  our  finished  castings  dendrites 
as  small  as  possible  and  as  free  from  persistent  dendritic  segre- 
gation as  possible  by  suitably  regulating  the  casting  temperature 
and  solidification  conditions.  We  should  regulate  the  cooling 
through   the  granulation    zone,   between   the   solidus   and    the    ther- 

Concludcd  on  Page  '^i 
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HIGH-BROW  VERSUS  LOW-BROW 
By  Walter  M.  Mitchell 

THERE  is  a  very  prevalent  idea  among  many  of  those  en- 
gaged in  the  noble  art  of  heat  treating  that  the  only  means 
of  becoming  proficient  in  this  art  is  through  practical  experience, 
or  by  practical  talks  given  by  shopmen ;  and  further,  that  no  one 
really  kfiows  anything  about  the  subject  but  the  man  in  front 
of  the  furnace.  The  High-brow,  who  works  in  the  laboratory, 
and  publishes  a  technical  paper  about  some  obscure  atom  or  mole- 
cule which  he  has  caught  by  the  hind  legs,  cannot,  and  does 
not  know  anything  about  heat  treatment,  and  if  placed  between 
a  furnace  and  a  quenching  tank  at  S40  per.  would  soon  loose 
his  job.  Perhaps  so — and  yet  perhaps  not.  The  man  who  gives 
a  practical  talk,  or  writes  a  practical  paper,  gives  other  men. 
who  are  working  with  the  same  kind  of  equipment  and  on  the 
same  class  of  work,  information  which  will  be  useful  to  them, 
but  it  may  not  be  useful  to  anyone  else.  A  practical  talk  on 
hardening  razor-blades  by  a  man  in  Hoboken  will  not  necessarily 
benefit  some  man  in  Kansas  City  who  wants  to  temper  fishhooks. 
The  practical  talk  tells  us  z^'hat  to  do,  but  not  i<.'hy  to  do  it.  and 
that   is   what   the   heat   treater   should   know. 

The  High-brow,  who  makes  investigations  in  the  laboratory, 
studies  the  changes  that  take  place  in  the  constitution  and  struc- 
ture of  steel,  and  so  learns  what  happens  to  a  piece  of  steel  when 
he  hardens  it.  or  when  he  anneals  it.  or  why  it  will  need  nor- 
malizing. The  technical  paper  which  he  writes  explains  some 
phase  of  what  the  heat  treater  is  trying  to  do.  and  the  man  who 
knows  what  he  is  trying  to  do;  i.  e.,  who  understands  what 
changes  he  must  bring  about  in  the  structure  of  the  steel  in  order 
that  it  will  have  the  properties  that  are  desired  when  he  gets 
through  with  it,  is  far  Ijetter  equipped  for  success  with  any  kind 
of  steel  than  is  the  man  who  knows  only  that  if  he  does  certain 
things  at  certain  times  a  more  or  less  certain  result  will  follow. 
The  latter  method  of  heat  treating  is  like  the  method  of  the  man 
with  the  famous  clock.  It  always  kept  splendid  time — every  time 
that  the  hands  pointed  to  two  and  it  struck  seven  he  knew  that  it 
was   three  in   the  afternoon ;   but   unfortunately   this   did    not   help 
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him  when  the  hands  pointed  to  five  and  it  struck  twelve,  as  it 
sometimes  did.  In  that  case  he  always  blamed  it  on  the  stock 
room  and  said  they  had  sent  up  the  wrong  kind  of   steel. 

There  is  a  certain  steel  works,  which  is  ])r()bahly  only  one 
of  a  dozen  like  it,  and  which  for  obvious  reasons  must  be  name- 
less, where  a  large  portion  of  the  output  is  heavy  forgings  of 
carbon  and  alloy  steel.  The  carbon  forgings  are  annealed,  the 
alloy  steel  quenched  and  tempered — the  specifications  equivalent 
to  those  of  the  A.  S.  T.  M.  for  the  same  class  of  material.  This 
plant  has  an  excellent  microscope,  recently  purchased.  There  are 
two  men  in  the  organization  who  really  know  something  of  met- 
allography, and  that  martensite  is  not  a  new  explosive,  or  pear- 
lite  a  substitute  material  for  10-cent  store  jewelry.  These  men 
are  not  directly  in  control  of  the  heat  treating  department.  Dur- 
ing five  months  association  with  this  works,  the  writer  has  never 
seen  either  the  superintendent  of  the  heat  treating  department, 
or  his  assi.stant,  using  the  microscope.  They  appear  to  regard  it  as 
a  nice  piece  of  apparatus,  but  entirely  without  practical  use  in 
heat  treatment.  The  statistics  for  heat  treating  various  lots  oi 
these  forgings,  a  part  of  the  regular  output,  are  as  follows : 

Annealed    45    per    cent    Carbon    Steel    Forgings 

Passed  Failed  and  Percentage 

specifi-  ordered  reanneal 

cation  reannealed  to  total 

1st      anneal                     64  37  36.5 

2nd     anneal                     17  12  41.0 

Heat  Treated  Alloy  Steel   Forgings 

1st      treatment              83  33  29.0 

2nd    treatment               20  10  33.3 

This  shows  that  there  were  130  lots  of  carbon  steel  forg- 
ings annealed,  of  which  only  81  lots  passed  specifications ;  while 
with  the  alloy  steel  forgings,  146  lots  were  treated,  of  which  duly 
103  lots  passed.  In  other  words  this  department  was  treating 
nearly  50  per  cent  more  steel  than  it  produced,  and  consequently 
was  costing  the  company  very  much  more  than   it   should. 

Another  plant  during  the  early  stages  of  the  world  war  had 
a  large  contract  for  forgings  of  3.5  per  cent  nickel.  2.25  per 
cent  chromium  steel,  weighing  about  1400  ]x)un(ls  each.  When 
work  commenced  on  these  forgings  reanncals  ran  between  H)  and 
18  per  cent  a  week.  The  management,  which  was  very  High- 
brow,   studied   long   and   carefully   to    eliminate    the    cau.se   of    this 
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large  percentage  of  retreatment,  with  the  result  tliat  reanneals 
were  eventually  reduced  to  less  than  3  per  cent,  and  were  main- 
tained at  that  figure  for  weeks  at  a  time — even  under  such  a 
severe  test  as  the  microscopic  examination  of  two  specimens  from 
each  forging.  Expensive?  Yes — perhaps — hut  certainly  -not  as 
expensive  in  the  long  run  as  treating  half  again  as  many  tons  of 
steel  as  are   produced. 

It  is  not  to  he  supposed  that  the  number  of  retreatments  at 
the  first  plant  can  ever  be  reduced  to  the  low  average  estab- 
lished at  the  second  plant,  because  the  forgings  at  this  plant  were 
uniform  in  size — a  condition  most  favorable  to  success.  But  it 
is  believed  that  a  very  material  reduction  in  such  retreatments 
would  result  if  proper  control  were  secured  through  careful  mic- 
roscopic examination   of   the   forgings   before   and   after  annealing. 

Heat  treating  deals  with  the  processes  and  laws  of  Nature. 
But  many  heat  treaters  do  not  realize  or  stop  to  think  that  Nature 
is  always  right  and  never  misses  a  trick,  and  cannot  be  fooled  by 
any  short-cut  methods.  Successful  heat  treating  is  not  easy  to 
accompli^:h,  it  can  only  follow  when  we  understand  what  we  are 
trying  to  do,  and  plan  operations  so  that  these  same  laws  of 
Nature  will  have  full  opportunity  to  act.  Nothing  ever  happens 
])y  chance,  there  is  always  some  cause  preceding  it ;  but  the  cause 
may  be,  and  frequently  is,  so  obscured  that  we  do  not  recognize 
it.  When  a  heat  treatment  goes  wrong  there  is  always  a  rea.son 
why.  This  reason  may  not  be  easy  to  identify  and  frequently  ap- 
pears not  to  exist  at  all,  but  nevertheless  does  exist.  Sometimes 
the  cause  of  failure  is  under  our  control,  or  again  it  is  not,  but 
the  most  vital  preliminary  to  success  is  to  prevent  that  combina- 
tion of  circumstances  which  produced  failure  if  such  is  possible ; 
or  if  not,  to  alter  procedure  and  conditions  so  that  the  elements 
which  are  not  under  control  are  largely  eliminated. 

The  function  of  the  High-brow,  through  careful  investiga- 
tions and  researches,  is  to  discover  the  natural  laws  that  control 
the  operations  of  heat  treatment  and  the  constitutional  changes 
that  necessarily  must  be  produced  in  steel,  so  that  w^e  know  and 
understand  zvliy  a  certain  procedure  must  be  followed.  The  Low- 
brow, on  the  other  hand,  with  many  years  of  practical  experience 
gained  by  the  observation  of  facts  and  conditions  that  cannot 
convenientlv   be    reduced   to    mathematical    formulae,    tells   us    ho2v 
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to  do  it.     In  this  way  both  have  their  part  to  jjlay  and   we  can- 
not dispense  with,  or  depreciate,  either  one. 

Many '  years  ago  the  hardening  of  steel,  or  what  we  now 
call  "heat  treatment,"  was  a  mysterious  and  almost  sacred  art, 
to  be  trasmitted  only  from  father  to  son,  or  to  some  favored  ap- 
prentice, rigidly  bound  to  secrecy.  All  sorts  of  magical  formulae 
and  concoctions  were  used  and  regarded  as  essential  in  the  pre- 
vention of  failure — the  famous  red-haired  boy  and  the  fat  negro 
slave,  for  instance.  But  the  High-brow,  through  intimacy  with 
solid  solutions,  allotropic  transformations,  eutectics,  etc.,  has  dis- 
persed this  fog  of  medievalism  so  that  heat  treatment  is  no  longer 
a  subject  of  dark  mystery  and  incantation.  Many  of  the  High- 
brow investigations  appear  to  be .  without  practical  value,  but  no 
one  can  predict  what  ultimate  benefit  may  result.  A  few  years 
ago  tungsten  was  regarded  as  a  laboratory  curiositv.  its  discovery 
a  scientific  stunt ;  yet  this  same  laboratory  curiosity  has  revolu- 
tionized machine  shop  practice  throughout  the  world,  and  in  re- 
placing the  inefficient  carbon  filament  of  the  incandescent  lamp 
has  many  times  repaid  the  cost  of  the  seemingly  impractical  in- 
vestigations. Vanadium,  one  of  the  rarer  metals,  was  for  a  loni; 
time  of  interest  to  astronomers  only,  as  a  prominent  constituent  of 
sun-spots,  shown  by  the  spectroscope;  while  today  it  is  a  vitally 
important  ingredient  of  high  grade  steels.  Many  similar  illustra- 
tions might  be  given,  but  they  would  all  point  to  the  same  truth. 
They  are  a  direct  result  of  the  High-brow  laboratory-  investigation-; 
which  are  sometimes  so   freely  criticized  and  disparaged. 

There  is  a  vast  field  of  metallurgy  yet  to  be  discovered,  the 
knowledge  of  which  must  ultimately  be  of  greatest  usefulness.  So 
far  we  have  barely  "etched"  the  surface.  Most  of  the  explora- 
tions in  this  unknown  land  will  be  made  by  the  High-brow  in- 
vestigator working  in  the  laboratory  on  things  which  to  the  man 
in  the  shop — and  alas,  too  often  to  the  executive— ;^seem  to  l)e  of 
no  practical  use.  Let  us  by  all  means  encourage  such  investiga- 
tions that  we  may  ultimately  profit  by  the  results  obtained.  The 
technical  papers  and  discussions  are  really  prepared  for  our  en- 
lightenment and  education,  if  we  can  but  see  it  that  way.  .\nd 
education  is  the  basis  upon  which  the  American  Society  for  .Stee' 
Treating  was  founded — but  there  are  many  of  us  who  do  not 
know  how  badlv  we  need   it. 
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FORGING  AND  HEAT  TREATING  LARGE  SECTIONS 

By  W.  R.  Klinkicht 

Abstract  ^ 

Tills  paper  describes  the  routine  operations  whicli 
are  used  in  the  forging  and  heat  treating  large  section, 
as  practiced  in  a  modern  heavy  forging  plant,  equipped 
li'itJi  suitable  cranes,  manipulating  de^'ices  and  heating 
equipment.  Figures  Illustrating  tJie  operations  of  the  an- 
nealing, forging  and  subsequent  heat  treating  are  In- 
cluded. 

Introduction 

IX  VIEW  of  the  wonderful  strides  made  in  the  past  few  years 
in  methods  and  equipment  for  forging  and  heat  treating,  it  is  in- 
teresting to  pause  for  a  moment  and  consider  how  our  ancestors 
handled  their  prohlems  in  the  working  of  iron  and  steel,  which 
we  know  is  one  of  the  oldest  of  arts.  We  find  many  references 
to  the  art  in  the  Bihle  where  Tubal  Cain  is  referred  to  as  an 
"instructor  of  every  artificer  in  l)rass  and  iron." 

\'ery  little  is  known  of  the  early  smiths,  or  their  methods, 
however,  the  illustration  Fig.  1  gives  as  reliable  an  idea  as  can  be 
found.  A  fire  was  built  in  a  depressed  place  in  the  ground,  a 
forced  draft  being  given  to  the  flame  by  an  attendant  on  either 
side  who  worked  bellows  by  standing  on  them,  alternately  throwing 
their  weight  from  one  foot  to  the  other  and  pulling  up  the  bel- 
lows with  ropes  as  the  w^eight  was  shifted,  thus  permitting  the 
instruments  to  be  emptied  and  filled  alternately.  It  is  interesting 
to  note  that  the  method  of  forcing  a  fire  by  means  of  bellows 
was    used   probably    4,0CX)   years    ago. 

There  seems  to  have  been  very  little  improvement  made  in 
the  working  of  iron  and  steel  for  many  centuries,  until  the  stack 
furnace  and  then  the  Catalan  forge  and  other  advances  took  place, 
but  it  was  not  until  the  sixteenth  century  that  any  attempt  was 
made  to  apply  mechanical  instruments  in  the  forging  operation. 
We  are  told  that  about  the  year  1550  the  trip  hammer,  operated 
by  means  of  a  waterwheel,  constituted  the  first  attempt  at  mech- 
anical  forging  equipment. 

A  Swedish  application  of  the  waterwheel  method  is  shown  in 

A  paper  presented  before  the  Cincinnati  chapter  of  the  Society. 
Tlie  author,  W.  R.  Klinkicht  is  connected  with  the  Pollak  Steel  Co., 
Cincinnati.    Ohio. 
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Fig.  2  wherein  three  hammers  are  shown  in  oj^eration  in  adcHtion 
to  the  bellows  arrangement  for  smelting  and  forging.  1  f  we  are 
to  judge  from  the  illustration,  this  smith  was  a  busy  man.  there 
being  bars  under  all  three  hammers,  in  addition  to  the  one  he.  is 
holding  in  the  heating  furnace. 

As  the  demand  for  wrcnight  iron  forgings  increased  it  be:ame 
necessary    to    o])tain    a    force    of    im])act    greater    than    could    be 


Fig.    1. — An    Old    Sketch    Showing    Early    Smiths    at    Work    Using    Primitive    Forced 
Draft    Fires. 

supplied  by  human  muscles  or  the  methods  then  in  use,  so  the 
idea  was  conceived  of  attaching  a  heavy  slab  of  iron  to  a  rope, 
then  lifting  it  in  vertical  guides  with  a  gang  of  men  and  dropping 
it  from  any  desired  height  within  the  capacity  of  the  machine. 
This  contrivance  was  called  the  Hercules  and  was  a  fairly  effi- 
cient  tool   for   that   period. 

The  eighteenth  century  witne.>^sed  the  introduction  of  the  lift 
and  tilt  or  helve  hammer,  operated  first  by  water-wheels  and  later 
by  steam.  A  waterwheel  tail  hammer  of  this  period  is  reputed  to 
be  in  operation  today  in  Sheffield,  England.  When  we  consider 
the  class  of  work  turned  out  with  this  equipment,  we  may  well 
marvel  at  the  handicraft  of  these  artisans. 

James  Watt  appears  to  have  been  the  originator  of  the  first 
steam  hammer  and  it  was  patented  by  him  in  1784.  However,  no 
steam  hammers  appear  to  have  been  made  under  his  patent  and 
in  1839  James  Nasmyth  of  the  Bridgewater  Foundry,  near  Man- 
chester, England,  designed  and  patented  a  steam  drop  hammer. 
This  hammer  was  designed  because  of  an  a])peal  to  Mr.  Nasmyth, 
by  a  Mr.  Humphries  of  the  Great  Western  company,  who  wished  a 
large  paddle  shaft  forged  for  a  new  steamship  then  under  con- 
struction. After  making  a  survey  of  the  forge  shops  in  the  coun- 
try it  was  found  that  none  were  able  to  undertake  the  forging  of 
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this  shaft  because  of  the  lack  of  proper  equipment,  so  the  con- 
struction of  the  first  steam  drop  hammer  was  begun,  Fig.  3. 
The  method  of  the  propulsion  of  the  boat  was  later  qhanged  to 
tlie  screw  propeller  type  so  the  shaft  was  not  needed   and   the 


Fig.    2. — A    Swedish    Application    of    the    VVaterwheel    lor    Driving    Hammers. 

hammer  was  not  completed  until  four  years  later.     From  that 

time  on  rapid  strides  have  been  made  in  hammer  development 

and  with  this  development  came  the  hydraulic  and  steam  press. 

Pressed  Forcings 

Forgings  made  under  a  press  are  unquestionably  of  superior 
quality  due  to  the  deeper  and  more  uniform  penetration  characteris- 
tic of  press  'performance.  This  point  is  clearly  emphasized  in  the 
convexed  ends  of  pressed  forgings,  and  borne  out  by  physical  and 
microscopic  tests. 

Forgings  pressed  directly  from  ingots  have  shown  better  phy- 
sical properties  than  those  forged  from  blooms  because  of  the 
more  accurate  control  of  temperature  and  the  superiority  of  press- 
ing over  rolling.  But,  before  forging  an  ingot  it  is  necessary 
that  important  points  be  considered.  Most  forgings  are  ordered 
to  specifications  calling  for  certain  chemical  composition  and  phys- 
ical   characteristics.      The    chemical    composition    having    been    de- 
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terminecl  by  analyzing  drillings  taken  from  various  points  on 
the  ingot,  the  weight  of  the  forging  as  compared  with  the  ingot 
weight  is  next  to  be  considered.  An  allowance  of  about  thirty 
percent    of    the    total    weight    of    the    ingot    must    be    made    for 


Fig.     3. — First     Steam     Drop    Hammer. 
(From    Autobiography    of    James    Nasmyth) 


discard  and   the  area   sufficiently   large   to   permit   of   a   reduction 
of  about  four  to  one.     The  ratio  of  reduction  is  usually  greater. 

Heating 

The  heating  of  ingots  for  forging  is  an  operation  requiring 
great  care.  Too  rapid  heating  will  cause  a  rapid  expansion  of 
the  outside  which  will  cause  it  to  draw  away  from  the  interior, 
resulting  in  cracks  and  cavities  and  for  this  reason  they  must 
be  carefully  preheated.  At  the  same  time  a  slightly  reducing 
atmosphere  must  be  maintained  to  prevent  excessive  decarburiza- 
tion  of  the  surface  during  the  many  hours  required  to  thoroughly 
heat  the  steel.  It  has  been  truthfully  said  that  the  real  heat 
treatment  of  steel  begins  with  the  heating  for  forging  and  the 
factors  time,  temperature  and  area  are  as  applicable  to  the  forging 
as  well  as  the  heat  treating  operation.  The  need  of  thoroughly 
trained  heaters,  properly  supervised,  is  readily  apparent. 
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Time  Required  for  Heating 

To  accurately  determine  the  actual  time  required  to  heat  large 
ingots,  tests  were  made  with  full  size  sections  by  drilling  a  hole 
midway  into  the  ingot,  inserting  a  thermocouple  carefully  wrapped 
with  asbestos  and  packed  around   the   outside  to   prevent   entrance 
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Fig.  4. — Curves  Plotted  from  Results  Obtained  in  Heating  a  Section  26  Inches 
in  Diameter  and  Bears  out  the  Generally  Approved  Statement  that  One  Hour  Heating 
for    each    Inch    of    Section    is    Satisfactory. 


of  heat.  Another  couple  was  then  placed  in  the  furnace  about 
two  feet  away  from  the  steel  and  the  temperatures  periodically 
checked  and  recorded.  The  curves  in  Fig.  4  were  plotted  from 
the  results  obtained  in  heating  a  section  26  inches  in  diameter 
and  bears   out   the   generally   ajjproved    rule,    that   about   one   hour 
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heating     for    each    inch    of     cross    section     is    satisfactory.       The 
critical   range   of   the   steel   is   also   clearly   shown   in   this   chart. 

Pressixc. 
After    the    ingot    has    been    thoroughly    heated    at    the    proper 


Fig.    3. — A    1000-toii    Press    Forging   a    Shnft 
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temperature,  it  is  removed  from  the  furnace  by  an  electric  crane 
equipped  with  a  motor-driven  endless  chain  belt  and  placed  under 
the  press  (Fig.  5,  1,000  tons  capacity)  for  the  breaking  down 
operation,  which  usually  begins  in  the  center.  The  forging  opera- 
tion is  directed  by  the  pressman  who  stands  in  a  prominent 
position  where  his  signals  can  be  readily  seen  by  the  press 
operator  and  crane  men  who  must  work  together.  The  ingot 
is  worked  down  in  the  center   first  so  that  subsequent  rehea'.ings. 


Fig.    6. — Heating    Steel    for    Forging    Under    the    Press. 

will  be  toward  the  ends  of  the  ingot  making  it  easier  to  handle 
after  the  shaft  has  been  worked  out  to  a  considerable  length 
This  working  proceeds  toward  the  bottom  end,  the  top  end 
being  left  until  the  last  as  the  greatest  portion  of  the  discard 
will  come  from  this  end.  During  the  forging  operation  scale  i^ 
constantly  blown  off  of  the  forging  and  the  dies  kept  clean  so 
that  none  of   this   scale  is  pressed   into  the   forging. 

After  the  bottom  end  of  the  ingot  has  been  forged  to  size, 
the  opposite  end  is  heated  and  that  portion  near  the  center  forged 
out  to  complete  the  shaft,  the  top  end*  being  merely  roughed 
down  to  facilitate  handling,  as  a  great  portion  of  this  will  be 
discard.  In  the  heating  (Fig.  6)  of  the  steel  for  forging 
under  the  press,  six  furnaces  are  required  to  insure  operation 
on   a   productive   basis. 

The  temperature  at  which  the   forging  has  been    finished   has 
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just  as  im]x)rtant  a  bearing  on  the  final  structure  of  the  steel  a^ 
the  maximum  temperature  to  which  it  has  been  heated  and  it 
is  always  the  aim  of  the  forgeman  to  finish  the  forging  as  near 
the  upi)er  critical  range  as  possible.  The  success  of  the  final 
heat  treating  depends  largely  upon  the  structure  of  the  steel 
after   the   forging   operation. 

On  completing  the  forging  it  is  laid  down  on  a  cinder  bed 
where  a  natural  uniform  cooling  takes  place.  Sufficient  discard 
to  insure  sound  steel  is  then  made  and  the  forging  inspected 
for  dimensions  and  surface  defects,  which  are  properly  chipped 
out  before  any  further  work  is  done  on  it. 

Annealing 

'Jhe  annealing  of  large  shafts  calls  for  properly  designed 
furnaces  capable  of  maintaining  a  uniform  temperature  along 
the  entire  length,  with  necessary  equipment  for  handling.  The 
annealing  furnaces  shown  in  Fig.  8,  are  40  feet  long  and  54 
inches  wide,  equipped  with  11  oil  burners,  staggered  to  j^ermit 
uniform  heating  throughout.  They  are  also  completely  equipped 
with  pyrometric  control,  there  being  nine  thermocouples  on  each 
furnace  which  are  connected  to  a  wall  indicator  for  the  heater's 
observation.  In  addition  temperatures  are  recorded  on  a  recording 
instrument    for   future   reference,   and   check. 

However,  even  a  pyrometer  has  its  limitations  and  while  it 
gives  an  indication  of  a  uniformly  heated  furnace  it  does  not 
guarantee  that  the  material  in  the  furnace  is  heated  uniformly 
throughout,  especially  if  this  material  be  of  large  cross-section. 
Here,  again,  as  in  the  heating  for  forging,  the  human  element 
enters  into  consideration  as  it  is  not  so  much  the  equipment  itself 
as  it  is  the'  handling  of  it,  that  determines  the  success  of  ih^ 
operation.  As  an  additional  check,  periodic  observations  are  made 
through  small  peep  holes  in  the  door  of  the  furnace.  The  accuracy 
of  these  observations  depend  upon  the  skill  and  experience 
of  the  operator.  The  hours  for  heating  are  computed  on  the 
basis  of  one  hour  of  heating  for  each  inch  of  cross-section,  care 
being  observed  to  reduce  the  saturation  above  the  critical  tem- 
perature to  the  shortest  time  possil)le  and  thoroughly  heat  the 
.steel,  as  prolonged  heating  above  the  critical  range  will  undoubtedly 
coarsen    the    jrrain    size. 
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Quenching   and   Tempering 

Should  a  forging  be  ordered  to  a  quenching  and  tempering 
specification  the  routing  may  be  somewhat  different.  Quite  a 
number  of  specifications  require  all  forgings  above  7  inches  in 
diameter  to  be  hollow  bored,  and  where  such  is  the  case  the 
boring    operation    always    precedes    the    heat    treatment.      Hollow 


Fig.    8. — Annealing    Furnace    40    Feet    Long   and    54    Inches    Wide,    Equipped    with    11 
Oil    Burners. 

boring  (Fig.  9)  takes  practically  nothing  away  from  the  strength 
of  the  forging,  but  reduces  weight  and  permits  of  more  uniform 
cooling  in  the  quenching  bath,  thereby  reducing  warpage  and 
increasing  the  homogeneity  of  the  structure  of  the  steel.  At  the 
same  time  it  removes  material  from  the  center  where  defective 
material  is  most  likely  to  exist  and  where  it  is  least  subject  to 
the  beneficial  effects  of  heat  treatment.  Examination  of  the 
bore  has  many  times  lead  to  the  discovery  of  a  defect  which 
would    have    otherwise    remained    undetected. 

When  a  forging  is  ready  for  the  heat  treating  operation 
it  is  placed  in  a  cast  steel  holder  and  loaded  into  a  vertical  fur- 
nace as   shown   in    Fig.    10.      The   furnace   shown   is  40   feet   deep 
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and  6  feet  in  diameter,  fired  with  18  bull  type  burners  so  ar- 
ranged that  the  flames  swirl  around  the  forging  without  impinging 
directly  upon  it.  These  burners  are  accessible  from  an  iron 
stairway  extending  to  the  bottom   of  the   furnace. 

Heating  for  a  quench  is  probably  the  rhost  important  opera- 
tion in  the  treating  of  steel  and  especially  so  in  respect  to  large 
forgings.      The    same    dangers    that    attend    the    quenching    of    a 


Fig.    9. — Hollow    Boring    for    the    Purpose    of    Removing    Defective    Centers    of    Forg- 
ings.     The    Forging    on    the    Left    Shows    a    Defect. 


nonuniformly  heated  tool  are  in  evidence,  only  highly  magnified. 
We  are  told  that  a  fairly  large  section,  during  the  quenching 
operation,  is  subjected  to  tension  around  the  outside,  compression 
midway  and  tension  around  the  central  portion,  and  unless  the 
steel  be  sound  and  uniformly  heated,  rupture  is  likely  to  result. 
After  the  forging  has  been  given  the  prescribed  treatment 
it  is  removed  from  the  furnace  by  a  high-speed  crane  and  lowered 
into  the  quenching  tank  immediately  adjoining.  A  soluble  oil  is 
used  as  a  quenching  medium,  it  having  been  found  to  give  the 
best  results  after  many  experiments.  With  this  oil  a  fairly  high 
elastic  limit  is  possible  without  the  attendant  danger  of  water 
quenching.  The  ordinary  quenching  oils  generally  used  in  the 
heat  treatment  of  smaller  material  failed  to  give  the  desired  re- 
sults due  to  its  lower  heat  conductivity.     Forgings  are  never  per- 
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Fig.     10. — Vertical     Heat     Treating     Furnace,     Oil-Fired     Into     Which     Forgings     are 
Loaded   As    Shown. 
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mitted    to    become   cold    in    the    quenching   hath,   hut    are   removed 
at  between  300  and  400  degrees  Fahr. 

To  keep  a  bath  at  a  uniform  temperature  while  several  tons 
of  red  hot  steel  are  immersed  in  it  is  a  problem  of  considerable 
magnitude.  To  properly  care  for  this  a  reservoir  capable  of  holding 
150,000  gallons  of  water  was  built  and  a  system  of  pipes  arranged 
so  that  the  oil  when  pumped  from  the  quenching  tank  ci.culates 
through  the  pipes  and  then  20O  feet  away  to  a  reserve  tank 
whence  it  falls  by  gravity  into  the  quenching  tank  again.  After 
quenching  forgings  are  immediately  drawn  at  a  temperature  neces- 
sary to  meet  physical  properties  specified,  which  will  at  the  same 
time  remove  all  quenching  strains. 

Tests 

Tests  are  now  taken  from  the  end  of  the  forging  by  means 
of  a  hollow  drill,  midway  between  the  center  and  the  outside  and 
in  the  direction  in  which  the  forging  is  drawn  out.  In  plain  car- 
bon steel  of  .40-. 50  per  cent  carbon  the  'quenched  and  tempered"  speci- 
fications will  usually  require  a  standard  2"  test  specimen  to  have  a 
tensile  strength  of  not  less  than  85,000  pounds  per  square  inch ; 
elastic  limit  50,000  pounds  per  square  inch  minimum ;  elonga- 
tion in  2  inches  of  22  per  cent  and  a  reduction  of  area  between 
40  to  45  per  cent.  In  addition,  a  section  Yi"  square  must  bend 
cold  around  a  1"  mandrel  to  180°  without  signs  of  failure.  An- 
nealed forgings  are  usually  required  to  meet  80,000  pounds  per 
square  inch  tensile  strength  and  40,000  pounds  per  square  inch 
elastic  limit,  20  per  cent  elongation  in  2  inches  and  i2  per  ccni 
reduction  in  area.     All  valves  minimum. 

After  testing  for  physical  properties,  all  heat  treated  forgings 
are  given  a  proof  test  which  consists  of  dropping  a  ton  weiglit 
on  the  forging,  which  is  rigidly  supported  on  both  ends,  from  a 
height  governed  by  its  diameter,  when  it  is  turned  ninety  degrees 
and  struck  again.  This  will  generally  weed  out  any  unsound 
forging. 

Microscopic  examination  is  rapidly  gaining  favor  with  users 
of  heavy  forgings  and  where  this  clause  is  included  in  the  specifi- 
cation, government  standards  prevail. 
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DETERIORATION    OF    STEEL   AND   WROUGHT    IRON 
TUBES    IN    HOT    GASEOUS    AMMONIA* 

By  J.   S.  Vanick 

Abstract 

This  paper  describes  the  failure  in  service  of  ivrought 
iron  and  steel  tubes  employed  in  an  apparatus  used  for 
the  dec orn position  of  ammonia.  The  prolonged  expo- 
sure of  the  metal  to  a  current  of  hot  gaseous,  ammonia 
produces  a  localized  disintegration,  the  position  of  which 
is  determined  by  the  temperature  and  ammonia  concen- 
tration. 

The  progress  of  the  deterioration,  zvith  temperature, 
is  similar  for  both  types  of  material.  Details  of  the 
macroscopic  and  microscopic  features  of  the  deteriora- 
tion of  the  metal,  arc  mentioned  in  view  of  their  im- 
portance in  connection  Zi'ith  the  study  of  "nitrogcnized" 
steels. 

The  relations  between  temperature  and  the  joint  re- 
actions representing  the  decomposition  of  ammonia  and 
the  nitrogcnization  of  iron  are  briefly  sketched  to  illus- 
trate the  general  character  of  the  deterioration  of  steel 
in  lieated  ammonia. 

I.       IXTRODUCTION 

MOST  investigations  concerned  with  the  influence  of 
ammonia  on  iron  or  steel  have  dealt  -with  the  effect 
produced  upon  the  properties  through  the  nitrogenization 
of  the  metal  by  means  of  short  exposures  to  ammonia,  at 
high  temperatures.  Usually  an  exposure  of  a  few  hours,  or 
at  rnost  24  hours,  in  a  current  of  ammonia  at  a  tempera- 
ture of  about  650  degrees  Cent.,  is  sufficient  to  produce  the 
desired  degree  of  nitrogenization.  Within  this  period  of  time 
an  appreciable  change  in  the  mechanical  properties  occurs 
which  is  sufificient  to  destroy  the  usefulness  of  the  metal  for 
many  structural  purposes.  The  changes  in  mechanical  prop- 
erties  are   usually   accompanied   by   differences   in    composition 

•Published    by     permission    of    the    Director,     Fixed     Nitrogen     Research     laboratory, 
Department  of   Agriculture,   Washington,    D.    C. 
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or  structure  which  are  readily  disclosed  by  appropriate  methods 
of  test. 

Where  properties  such  as  strength,  ductility  and  hardness 
are  unimportant,  steel  may  be  exposed  to  hot  ammonia  for 
relatively  long  periods  of  time  before  destruction  by  disintegra- 
tion occurs.  At  the  Fixed  Nitrogen  Research  laboratory,  ordi- 
nary steel  and  wrought  iron  tubes  of  the  following  typical 
analysis,  have  been  used  for  periods  varying  from  six  to  nine 
months  before  failure  by  deterioration  or  "burning  through" 
occurred.      A    number   of   tubes,    some   of  which   had    failed   in 

Carbon    Manganese  Phosphorus     Sulphur  Silicon 

per  cent         per  cent       per  cent         per  cent         per  cent 

Steel      0.11  0.38  0.068  0.035  0.008 

Wrought  iron      0.08 037 0.117 0.067 0.006 

service,  have  been  carefully  exainined.  The  deterioration  is 
quite  similar  in  each  case.  In  view  of  this,  the  substance  for 
this  paper  was  abstracted  from  several  reports  describing  the 
failures  in  service  of  tubes  used  in  the  ammonia  decomposer,  or 
cracker.  The  decomposer  is  an  auxiliary  unit  which  is  used 
to  "crack"  ammonia  into  its  constituent  gases,  nitrogen  and 
hydrogen. 

It  consists*  (as  shown  in  Fig.  9)  of  two  to  four  concentric 
tubes  of  standard  dimensions,  fitted  one  within  another  with 
a  space  of  one  inch  or  more  between  walls.  A  heating  coil 
is  wound  about  or  suspended  within  an  inner  tube,  to  provide 
the  heat  necessary  for  the  ammonia  decomposition.  The  in- 
tertube  spaces  with  the  exception  of  the  one  occupied  by  the 
heating  coil,  are  packed  with  steel  wool  to  distribute  the  heat 
and  facilitate  the  ammonia  decomposition.  A  thick  packing 
of  heat  insulating  material  encases  the  entire  apparatus. 

Ammonia  gas  at  a  pressure  slightly  above  atmospheric 
(2  m.m.  Hg),  is  conducted  through  the  intertube  spaces  and 
"cracked"  into  nitrogen  and  hydrogen.  Upon  entering,  the 
ammonia  gradually  absorbs  heat;  a  superheated  condition  with 
respect  to  the  reaction  NH.,  going  over  to  No-|-H.^  is  developed 
and  the  decomposition  of  the  gas  rapidly  takes  place.  The 
ammonia  content  at  the  exhaust  end,  is  well  under  0.5  per 
cent. 

The    actual    decomposition    of    ammonia    begins    with    the 

*See    Larson,    Xewton,    Hawkins,    Tour,    Chemical    and    Metallurgical   Engineering,    March 
15   anJ   29,    1922,   for   additional   description. 
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entrance  of  the  gas  into  the  decomposer.  The  rate  of  decom- 
position at  temperatures  below  300  degrees  Cent.  (572  de- 
grees Fahr.)  is  very  slow  but  in  the  temperature  range  from 
450  to  650  degrees  Cent.  (842  to  1202  degrees  tFahr.)  the  re- 
action rate  is  appreciably  accelerated.  This  rapid  rate  is 
reached  in  the  second  tube  of  the  type  of  "cracker"  shown  in 
Fig.  9,  and  the  portion  of  the  tube  within  which  it  occurs 
is  referred  to  as  the  "cracking  zone."  Failure  by  "burning 
through"  occurs  in  a  narrow  band  or  collar  near  the  high 
temperature  portion  of  this  zone. 

Temperatures  along  the  outer  wall  of  the  "crackers"  were 
measured  because  of  the  inaccessability  to  the  interior  of 
the  earlier  types.  In  each  case,  a  curve  similar  to  that 
reproduced  in  Fig.  9,  was  obtained.  Obviously  a  slightly  high- 
er temperature  prevailed  in  the  interior.  The  position,  with 
reference  to  temperature  of  the  specimens  which  were  cut  from 
the  second  tube,  are  indicated  in  the  diagram.  The  position  of 
maximum  deterioration  and  failure,  corresponded  to  the  posi- 
tion of  specimen  3,  of  the  diagram. 

II.     Service  Failures  of  W'rol'Giit  Irox  and  Steel  Tubes 

It  is  impossible  from  the  data  available  from  service  tests, 
in  which  conditions  are  not  strictly  comparable,  to  draw 
specific  conclusions  as  to  the  actual  value  of  wrought  iron 
versus  steel  tubes.  Fundamentally,  the  deterioration  from 
the  standpoint  of  chemical  attack,  is  similar.  Physical  efifects 
produced  during  the  disintegration,  dififer  characteristically  for 
each  type  of  material.  The  coarse  features  of  the  disinte- 
gration are  sufficiently  accentuated  in  the  wrought  iron  tube, 
to  distinguish  it  from  the  steel,  in  a  preliminary  inspection. 

An  inspection  of  the  tubes  after  their  removal  from  serv- 
ice, invariably  revealed  a  progressive  deterioration  from  the 
cooler  toward  the  hotter  portions.  Blistering,  surface-crack- 
ing, and  fissuring  increased  with  the  temperatui'e.  The  size, 
number  and  depth  of  blisters,  was  decidedly  greater,  in  the 
wrought  iron  tube.  Fig.  1,  shows  a  series  of  specimens  repre- 
senting consecutive  sections  of  an  exposed  wrought  iron  tube. 
The  temperature  range  within  which  the  blisters  occur,  extends 
from  400  degrees  Cent.  (752  degrees  Fahr.)  upward.  The 
appearance   of   the   surface    immediately    suggests   blister    steel. 
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Fig.  1 — Sections  from  Corroded  Surface  of  Wrought  Iron  Tube.  X  1/3.  Figs. 
2— a,  b  and  c— Severely  Corroded  "Collar"  in  Zone  III.  X 1  2/3.  Fig.  2a— Cross 
Section  of  Tube  in  Zone  III;  Fig.  2b — Cross  Section  of  Tube  at  Junction  of 
Zones  III  and  IV;  Fig.  2c — Surface  of  Tube  in  Zone  III.  Specimens  2a  and  2b  are 
Encased  in  a  Plating  of  Copper.  Fig.  3 — Microstructure — UnaflFected  in  Low  Tem- 
perature,   High    Ammonia,    Zone.      XlM.      Figs.    2    to    8    Represent    a    Single    Steel    Tube. 


The  occurrence  of  the  blisters,  is  attributed  to  the  action 
of  a  reducing  gas  (in  this  case,  hydrogen),  upon  the  enveloped 
oxide,  silicate  or  sulphide  particles.  That  a  prolonged  exposure 
to    the   hot   gas    is   necessary,    is    demonstrated    in   the    failure 
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to  develop  blisters  in  wrought  iron  specimens  heated  for  7 
days,  at  650  degrees  Cent.  (1202  degrees  Fahr.),  in  a  current 
of  ammonia. 

The  pressures  exerted  by  the  expansion  of  the  entrapped 
gases  formed  by  the  decomposition  of  the  inclusions,  were  suf- 
ficient to  break  through  the  surface  crust  or  widen  internal 
cavities.  Cross  sections  of  the  wrought  iron  tube,  revealed 
deep  seated  cavities  or  laminations  which  tended  to  separate 
the  Avail  into  sheets  along  parting  surfaces  concentric  with 
the  curvature  of  the  tube.  The  laminations  apparently  formed 
along  the  broad,  continuous  sheets  into  which  the  inclusions 
in  the  tube  had  been  worked.  The  infiltration  of  the  gas  along 
the  contact  between  the  inclusion  and  the  surrounding  metal, 
followed  by  the  formation  and  expansion  of  the  products  of 
the  gas— versus  inclusions  reaction  had  developed  the  cavities 
and  produced  the  exfoliated  condition  in  the  wall.  Microscopic 
examinations  of  specimens  from  the  exposed  wrought  iron 
tube,  showed  a  distinct  decrease  in  the  number  of  slag  strings 
and  in  parts  a  complete  disappearance  of  them.  Minute  par- 
ticles,, embedded  within  the  grains  remained  unafifected.  No 
trace  of  former  inclusions  could  be  found  in  the  blister  cavi- 
ties. 

In  the  steel  tubes,  a  thin  sprinkling  of  blisters  appeared 
which  lacked  the  size  and  depth  of  those  developed  in  wrought 
iron.  The  deterioration  of  the  steel  tubes,  free  of  the  coarser 
defects  progressed  in  a  more  uniform  and  thorough  manner. 

The  above  description  sums  up  the  principal  differences 
between  the  deterioration  of  the  steel  and  wrought  iron  tubes. 
The  preponderance  of  inclusions  in  the  latter  and  their  relation 
to  the  sustaining  structural  fabric,  renders  the  wrought  iron 
susceptable   to   a   more   rapid    destruction. 

III.     Macroscopic  Features  of  the  Deterioration 

For  a  more  detailed  inspection,  specimens  were  cut  from 
positions  along  the  tubes,  selected  to  represent  the  different 
temperature  ranges.  The  positions  of  the  specimens  Avithin  the 
various  zones,  are  marked  in  Fig.  9.  Each  zone  presents  a 
change  in  the  condition  of  the  tube  which  is  related  to  the 
temperature  and  ammonia  concentration   to  which   the  surface 
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had  been  subjected.     The  specimens,  with  respect  to  this  rela- 
tion were  estimated  to  lie: 

Zone  Temperature 

Degrees  Cent.  Ammonia   Concentration 

I     below  400       Concentrated — ammonia,    zone. 

II     400-500       Ammonia    concentration,    over    80 

per  cent. 

III      500-700       "Cracking"  zone,  ammonia  concen- 

tration from  80  to  5  per  cent. 

IV    700-750       Ammonia    concentration    5    to    0.5 

per    cent. 

V    750-680       Ammonia    concentration    less    than 

0.5  per  cent. 

The  true  relation  between  each  zone  and  the  ammonia 
concentration  of  the  gas  with  which  it  was  in  contact,  has 
not  been  specifically  determined.  It  is  quite  generally  assumed 
that  most  of  the  ammonia  is  decomposed  in  the  severely  cor- 
roded zone.  The  decomposition  would  occur  in  the  position 
of  zone  III.  Proof  of  this  in  the  form  of  actual  determinations 
of  the  ammonia  concentration  is  lacking,  but  other  evidence 
which  will  be  mentioned  later,  tends  to  support  the  assumption 
made. 

At  the  lower  temperatures,  corresponding  to  zone  I,  the 
tubes  appeared  to  be  unaffected  by  the  action  of  ammonia. 
Above  450  degrees  Cent.  (842  degrees  Fahr.),  in  zone  II,  the 
surface  w^as  covered  with  a  slaty  coating  which,  as  subsequent 
analysis  indicated,  was  the  iron  nitride.  The  coating  was  very 
brittle  and  flaked  readily,  when  struck.  The  coated  surface 
showed  no  surface  cracks.  In  passing  to  the  higher  tem- 
perature portion  of  this  zone,  the  coating  gradually  disap- 
peared. Surface  cracks  appeared  and  prevailed  over  the  re- 
mainder of  the  wall;  the  crack  meshes  becoming  smaller  with 
the  increasing  temperature.  The  cracking  was  accompanied 
by  a  surface  roughening  which  reached  a  maximum  in  zone 
III,  and  gradually  disappeared  in  zone  IV.  The  appearance  of 
the  surface  in  zone  III  is  pictured  in  Fig.  2.  Fig.  2c  shows  the 
alligator  cracks  and  deep  fissures  which  traverse  this  portion 
of  the  tube.  The  rounded  or  nodal  clusters  in  the  surface, 
suggest  a  partial  fusion  and  flow  of  the  surface  projections 
under  the  action  of  the  heat  and  the  decomposing  aminonia. 
The  localization  of  the  attack  on  the  metal  is  revealed  in  a  com- 
parison of  Figs.  2a  and  2b,  which  represent  transverse  sections 
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Figs.  4 — a,  b,  c  and  d — Structures  Approaching  the  "Cracking"  Zone.  Same  Tube 
as  Represented  in  Figs.  2  and  3.  Fig.  4a — Massive  Nitride  Along  Surface,  Intergranular 
Channels  and  Intercleavage  Filling.  X  500.  Fig.  4b — Same  as  Fig.  4a,  further  from 
Surface.  XSOO.  Fig.  4c — Structure  in  the  Interior  Showing  Nitride  Plates  and  Patches. 
X  500.  Fig.  4d — Massive  Nitride  after  30-minute  Etching  in  Sodium  Picrate.  Ferrite 
Grains   Severely   Pitted  by   the  Etching.      X500. 
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cut  within  3  to  4  inches  of  one  another  from  the  severely  cor- 
roded zone.  The  fissured,  porous,  layer  which  prevails  in 
this  portion  of  zone  III,  terminates  abruptly  in  the  compact 
appearing  backing  of  the  wall.  The  distinct  difference  in  the 
width  of  the  fissures  and  the  depth  of  penetration  of  the 
porous  layers  of  specimens  2a  and  2b,  illustrates  the  sharply 
defined  localization  of  the  attack.  In  zone  V,  the  surface 
roughening  does  not  appear,  and  the  surface,  except  for  mi- 
croscopic   cracks,    appears    to    be    unaffected. 

IV.     Microscopic   Features  of  the  Deterioratiox 

A  microscopic  examination  of  specimens  representing  the 
different  zones,  to  some  extent  reveals  the  character  of  the 
deterioration.  To  simplify  the  description,  a  single  steel  tube 
has    been    used    for    the    following    illustrations. 

The  results  of  the  microscopic  examination  may  be  sum- 
marized in  a  paragraph.  Microstructures  of  the  tube  sections 
showed  that  ammonia  is  feebly  active  below  400  degrees  Cent. 
(752  degrees  Fahr.).  Above  400  degrees  Cent,  destruction 
begins  and  increases  with  a  rise  in  temperature,  reaching  a 
maximum  in  the  550  to  700.  degrees  Cent.  (1022  to  1292  de- 
grees Fahr.)  range.  Above  this  temperature  and  in  the 
temperature  drop  that  follows,  (Fig.  9),  the  distinct  change 
in  the  degree  of  destruction  and  the  character  of  the  disinte- 
gration respectively  marks  a  decrease  in  the  intensity  of  the 
reaction  ammonia  going  over  to  nitrogen  plus  hydrogen  and 
a  change  in  the  reaction  from  decomposition  to  equilibrium  or 
possibly,   to   synthesis   in  the  cooler  exhaust. 

The  structure  prevailing  in  the  lower  temperature,  high 
ammonia  zone,  is  illustrated  in  Fig.  3.  Compounds  of  nitrogen 
are  not  detectable.  With  the  exception  of  a  slight  roughening 
along   the   exposed    edge,   the   structure   is   unaltered. 

Figs.  4,  a,  b,  c,  and  d,  illustrate  the  condition  of  the 
structure  in  zone  II.  As  previously  mentioned,  the  surface 
was  covered  with  a  slaty  film,  which  analysis  indicated  was  the 
nitride  of  iron  Fe^N.  Shavings  planed  from  the  coated  sur- 
face though  contaminated  heavily  by  the  underlying  metal, 
yielded  over  4.25  per  cent  nitrogen*  upon  analysis.  Figs.  5, 
a  and  b,  show  the  junction  with  the  underlying  ferrite  grains, 

*Credit    is    due    L.    Smith,    associate    chemist,    for    this    work. 
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of  the  highly  reflecting  "white  layer"  of  iron  nitride.  The  ni- 
tride in  this  massive  form  is  not  limited  to  the  surface  but  a 
penetration  along  the  grain  boundaries  which  envelopes  the 
sub-surface  grains  is  evident.  The  intergranular  filling  de- 
creases in  thickness  as  the  interior  of  the  w^all  is  approached 
until  the  massive  form  is  replaced  by  the  plate  and  patch 
type  of  compounds,  shown  in  Fig.  5c.  The  last  traces  of  car- 
bon appear  in  this  zone.  In  zones  III,  IV  and  V  which  are 
heated  above  500  degrees  Cent.  (932  degrees-Fahr.),  the  metal 
is  completly  decarburized.  Fig.  4d  illustrates  the  resistance 
of  the  nitride  to  prolonged  etching  in  hot  sodium  picrate 
which  may  be  taken  to  show  the  absence  of  carbon  and  the 
impossibility  of  confusing  the  iron  nitride  in  this  massive  form, 
with  the  iron  carbide  that  it  resembles. 

It  is  well  to  call  attention  to  the  thick  intercleavage  slabs 
of  nitride  which  traverse  the  ferrite  grains  of  Figs.  4,  a  and  b, 
and  their  resemblance  to  the  nitride  plate  or  needle.  The  com- 
position of  the  intercleavage  falling  is  identical  with  that  of  the 
intergranular  filling  and  surface  film,  as  indicated  by  its  struc- 
tural continuity.  The  grain  boundary  contact  and  intercleav- 
age course  which  the  intruding  nitride  adopts,  is  similar  to 
that  taken  by  the  thin  plates  which  occupy  the  interior 
of  this  specimen  or  appear  in  less  severely  nitrogenized  steels. 
The  needle  or  plate  form  of  nitride  which  appears  in  steels 
treated  in  ammonia  above  450  degrees  Cent.  (842  degrees 
Fahr.)  always  assumes  an  intercleavage  position  and  fre- 
quently is  connected  to  a  thin  intergranular  film.  Finally  the 
occurrence  of  the  plates  at  or  above  450  degrees  Cent,  which 
is  the  temperature  at  which  FcoN  forms  associates  their  ap- 
pearance with  the  formation  of  this  compound.  These  facts 
strongly  indicate  that  the  plates  or  needles  which  are  com- 
monly present  in  nitrogenized  steels,  are  thin  intercleavage 
films  of  the  nitride,   FcjN. 

Of  equal  interest,  are  the  "white  bordered"  dark  etching 
patches  which  appear  in  the  interior  of  the  wall  in  this  zone. 
The  bright  border  of  the  dark  patches  has  been  described  as 
characteristic  of  nitrogen  bearing  steels.  The  source  of  this 
efYect  is  yet  a  matter  of  speculation  inasmuch  as  it  may  appear 
(as  in  Fig,  4c)  in  pearlitic  or  carbon  bearing  areas,  and  again 
in  carbon  free   areas.     In   the  former   case,   observations   sug- 
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Figs.  5 — a,  b,  c  and  d— Structures  Prevailing  in  the  Corroded  Collar  of  Zone  III. 
Same  Tube  as  Kepresented  in  Figs.  2,  3  and  4.  Fig.  5a — Strncture  in  Spongv  Layer. 
XSOO.  Fig.  5b — Darkened  Band  at  the  Junction  of  the  Spongy  Layer  and  Pitted 
Interior.  XIOO.  Fig.  5c — Infiltration  of  Darkened  Band  Showing  Grain  Envelopment. 
Contour-like  Markings  Illustrate  Grain  Uplift.  X500.  Fig.  5d. — Intergranular  Pits  in 
"Compact"   Backing.     XIOO. 


TRAXSACTIOXS   OF 

72  AMERICAN  SOCIETY  FOR   STEEL   TREATING  July 

gest,  as  an  explanation  of  the  relation  between  the  brightened 
edge  and  pearlitic  center,  a  gradual  replacement  of  the  cemen- 
tite  (Fes'C)  by  the  nitride  FcoX.  The  inability-  to  detect 
cyanides  in  a  sample  possessin_g  this  type  of  structure,  and 
the  loss  in  carbon  which  is  detected,  indicates  that  a  volatile 
hydrocarbon,  is  produced.  A  reaction  summarizing  the  result, 
might  be  advanced,  in  which  the  action  of  dry  ammonia  upon 
the  iron  carbide  in  this  temperature  range,  produces,  as  end 
products,  the  nitride  of  iron  and  a  volatile  hydrocarbon.  Fu- 
ture research  will  doubtless  determine  the  character  of  this 
reaction.  In  the  absence  of  carbon,  the  brightened  border, 
probably  represents  an  iron  nitride  shell  which  might  be  ex- 
pected to  form  on  the  exterior  of  the  darkened,  iron 
nitrogen  solid  solution,  during  slow  cooling.  The  recession 
of  the  solid  solution,  from  the  ferrite  matrix,  during  cooling, 
with  an  attendant  increase  in  the  nitrogen  content  of  the  lit- 
toral layers  of  the  receding  solution,  would  accumulate  suf- 
ficient nitrogen  along  the  edges  to  form  the  iron-nitride  shell. 
The  severely  corroded  portion,  corresponding  to  zone 
III  revealed  a  disintegration  of  the  compact  crystalline  struc- 
ture into  a  coky  or  spongy  mass.  In  the  region  of  the 
failure,  the  disintegration  had  progressed  completely  through 
the  wall.  Fig.  5a,  shows  the  porous  texture  of  the  spongy 
skeleton  that  remains.  Figs.  5b,  c  and  d  show  the  struc- 
ture within  a  specimen  corresponding  in  degree  of  deteriora- 
tion, to  the  one  pictured  in  Fig.  3a.  When  fractured,  the 
dark,  spongy  layer  seemed  to  be  firmly  attached  to  the  compact 
outer  skin.  The  junction  is  shown  in  Fig.  5b.  Within  the 
spongy  zone,  and  penetrating  into  the  fissured  outer  skin,  a 
darkened  band  appears  which  marks  the  position  of  the  iron 
nitrogen  solution  in  the  structures*  The  solution  makes  its 
advance  along  the  intergranular  channels,  gradually  envelop- 
ing the  grains  encountered  in  its  progress,  as  shown  in  Fig. 
5b.  Since  this  structure  is  confined  to  this  zone,  it  seems  to  be 
defined  by  the  ammonia  concentration  and  temperature  condi- 
tions, prevailing.  A  peculiar  change  in  the  surface  band  of 
the  ferrite  is  noticeable  in  the  region  bordering  the  farthest  ad- 


'Knigrht  arifl  Xorthrup,  Chemical  and  Metnllurpical  Enr/inecrinf,  volume  23,  No.  23, 
December  8,  1920.  page  1107,  have  reported  the  appearance  of  a  pearlitic  layer  in 
carburized  steel  lieated  in  ammonia  at  650  degrees  Cent.  Similar  tests  at  this  labora- 
tory have  developed  the  darkened  band  in  pure  iron.  The  area  often  lacks  the  structural 
form    typical    of    eutectics    and    fails    in    other   respects    to    satisfy    eutectic    requirements. 
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vance  of  the  dark  constituent.  An  uplift  of  the  structure  in  the 
direction  of  the  less  affected  interior,  produces  a  secondary 
boundary  which  like  a  contour  marking,  follows  the  outline 
of  the  dark  constituent.     Fig.  5c  records  an  example   of   this. 


Figs.  6a  and  6b — Structure  in  a  Section  Adjoining  the  Corroded  Collar  of  Zone 
III.  Fig.  6a — Spongy  Edge.  X 100.  Fig.  6b — Grain  Fragmentation  at  Junction  of 
Spongy  Edge  with  Fissured  Interior.  X500.  Fig.  7 — -Surface  Attack  in  High  Tem- 
perature,  Low  Ammonia  Zone.      XIOO.  Same  Tube  as   Represented  in    Figs.   2   to  6. 

The  effect  suggests  an  infiltration  of  gas  into  the  compact 
grain  structure,  producing  an  expansion  of  the  crystal  lattice 
with  an  attendant  swelling  or  decrease  in  density  of  the  affect- 
ed   portion. 

In  the  outer  edge  of  the  wall,  the  decarburized  and  per- 
forated structure,  shown  in  Fig.  5d,  occurs.  The  structure  is 
that  of  ferrite,  interwoven  with  fissures  and  intergranuiar 
pits. 

The  occurrence  of  the  dark  band  at  the  junction  of  the 
fissured  interior  with  the  spongy  exterior,  associates  its 
presence  with  the  severe  disintegration.  Apparently  the  dis- 
integration consists  of  a  decarburization  and  Assuring,  as  in- 
dicated  in   the   interior   and   outer  edge ;    followed   by   nitrification 
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marked  by  the  darkened  band  ;  followed  in  turn  by  decomposi- 
tion of  the  nitride  so  formed,  which  leaves  the  spongy,  iron 
residue  in  its  wake.  The  disintegration  in  a  section  adjoining 
the  corroded  collar  of  zone  III  shows  a  marked  decrease  in  the 
severity  of  the  ammonia  attack.     Figs.  6a  and  b,  illustrate  the 
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Figs.  8a  a/id  8b — Structures  in  the  Exhaust  Portion  of  the  Tube  Show  the  Effect 
of  Nitrogen  and  Hydrogen  at  High  Temperatures.  Same  Tube  as  Shown  in  Figs.  2 
to  7.  Fig.  8a — Etching  Fluid  Exudations  along  Grain  Boundaries  Indicate  Inter- 
granular  Fissuring.  X500.  Fig.  8b — Another  Spot,  Similar  to  ("a")  Showing  Diffusion 
Rings    Around    Slag    Inclusions.      X500. 

Structure  along  the  exposed   surface   in   this   section.     The   ad- 
vance   of   the    darkened    band    seems    to    be    preceded    by    the 
breaking    up    of    the    encountered    grains.      ^Mechanically,    the 
destruction  appears  to  progress  in  3  stages. 
1.     Intergranular  fissuring. 

II.     Grain  dislodgment  and  partial  fragmentation. 

III.     Thorough  fragmentation  of  the  dislodged  grains. 

The    first    stage    consisting   of    an    intergranular    fissuring 

is  similar  to  that  described  for  Fig.  5b.     The  fissures  penetrate 

completely  through  the  wall.     Fig.  6a,  shows  the  spongy  edge, 

which    is    darkened    by   the   iron    nitrogen    solid    solution.      In 
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this  case  the  contact  of  the  fissured  interior  with  the  spongy 
edge,  is  marked  by  a  band  of  broken  grains.  The  contact  is 
better  shown  in  Fig.  6b.  The  change  in  the  character  of  the 
disintegration  is  no  doubt  due  to  the  lower  ammonia  concen- 
tration and  higher  temperature  to  which  this  section  is  ex- 
posed. In  the  high  temperature,  low  ammonia  regions,  a 
slight  surface  disintegration  and  decarburization,  is  evident. 
Fig.  6a,  reveals  the  edge  of  a  specimen  in  zone  IV  which  shows 
the  depth  of  the  disintegration  as  marked  by  the  thin  black 
band.  A  complete  decarburization  of  the  underlying  metal  is 
apparent. 

The  surface  disintegration  of  zone  I\'  does  not  appear  in 
zone  V  at  the  exhaust  end  of  the  tube.  The  heat  cracks  or 
fissures  appear  to  be  limited  to  the  surface  of  the  tube.  The 
brittleness  of  the  metal  prompted  a  further  inspection  and  a 
close  examination  showed  that  the  structure  was  interwoven 
with  a  net  work  of  very  fine  fissures.  Etched  specimens,  if  al- 
lowed to  stand,  would  upon  examination,  show  thin  intergran- 
ular  films  around  the  ferrite  grains.  These  films  proved  to 
be  dried  exudations  of  the  etching  fluid.  By  observing  a 
freshly  etched  surface  for  a  few  minutes  a  film  of  the  etching 
fluid  would  appear  along  the  grain  contacts  and  gradually 
spread  over  the  neighboring  surface.  This  effect  repeated  at 
will,  definitely  proved  the  presence  of  intergranular  fissures. 
Figs.    8a,    and   8b,    illustrate    fissure    exudations. 

Attention  might  be  called  to  the  diffusion  rings  or  halos 
which  surround  particles  of  embedded  slag  as  shown  in  Fig.  8b. 
These  rings  apparently  represent  the  progress  of  diffusion  into 
the  matrix  of  the  decomposition  products  of  the  reaction  be- 
tween the  slag  and  the  gases.  The  micrograph  shows  that 
particles  that  are  thoroughly  embedded  within  the  grains,  are 
very  slowly  attacked. 

V.     Discussion  of  General  Relations  Between  Temperature 
AND  THE   Reversible   Gas-Metal    Reactions 

An  attempt  to  explain  the  condition  of  the  structure  and 
its  relation  to  the  deterioration,  requires  a  general  reference  to 
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the  changes  with  temperature  of  the  reversible  ammonia — iron 
reactions : 

1.  4    Fe+2NH3=2    Fe,X+3H,.  | 

2.  Fe,+2(NH3jy=FexN.v+3.vH,+  Xo  and  the  ammonia 
equihbrium  reaction ; 

3.  2NH3=X.+3H,. 

It  is  quite  generally  known  that  the  nitride  of  iron,  Fe^N, 
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Fig.  9 — Sketch  of  an  Ammonia  "Cracker"  of  the  Two-tube  Type.  Third  or  Outer 
Tube  Serves  as  a  Jacket  Containing  Still  or  Slowly  Circulating,  Xon-oxidizing  Gas, 
such  as  Xitrogen,  Hydrogen  or  a  Mixture  of  the  two.  Curves  II  and  III  (after 
Tschischewski)    Plotted    against    Temperature    Gradient    Curve    I. 

forms  at  450  degrees  Cent.  (842  degrees  Fahr.)  when  iron  is 
exposed  to  a  current  of  ammonia.  Early  reference  to  this,  dates 
back  to  the  work  of  Despretz*.  The  nitride  is  unstable  above 
450  degrees  Cent,  and  its  decomposition  proceeds  with  higher 
temperatures.  Tschischewski**,  reporting  the  nitrogenization 
of  iron  by  ammonia,  obtained  curves  II  and  III  of  Fig.  9, 
for  the  variation  in  nitrogen  content  with  temperature.  The 
curves  show  a  similarity  in  form.  The  lowered  maximum  and 
the   displacement   in    the   direction   of   higher   temperatures   of 

*Ann.    Chim.    phys."  1829    Vol.    42,   p.    122. 

"Journal   Iron   and   Steel    Inst.    1915,    voL    XCII,    No.    2,    p,    47. 


1923  STEEL   IN    GASEOUS   AMMONIA  77 

curve  III  might  be  expected  in  view  of  the  limited  time  of 
exposure  and  the  probable  concentration  gradients  from  sur- 
face to  center,  of  the  coarser  particles  of  the  material  used. 
The  surface  of  the  exposed  decomposer  tubes  should,  however, 
conform  more  closely  to  the  form  of  curve  II,  because  of 
the   extended   time  of  exposure. 

As  in  the  conversion  of  nitrogen  and  hydrogen,  into  am- 
monia, the  decomposition  of  ammonia  involves  a  time  factor 
which  is  a  measure  of  the  reaction  velocity.  The  rate  of  am- 
monia decomposition,  becomes  very  rapid  in  the  temperature 
range  of  450  to  650  degrees  Cent.  (842  to  1202  degrees  Fahr.). 
A  curve  representing  the  rate  of  decomposition  with  changes 
in  temperature  would  undoubtedly  be  of  the  'U'  shaped  type 
with  its  apex  at  500  to  550  degrees  Cent.  (932  to  1022  de- 
grees Fahr.).  The  lower  temperature  portion  of  the  rapid 
decomposition  range  (400  degrees  Cent.)  coincides  roughly  with 
the  temperature  at  which  the  nitride  of  iron,  is  formed.  The 
latter  decomposes  slowly  in  comparison  to  the  rate  of  decom- 
position of  the  ammonia.  For  this  reason,  the  region  of 
maximum  deterioration  lies  in  the  zone  in  which  reaction  3 
predominates. 

In  following  the  progress  of  the  reactions  with  changes 
in  temperature ;  it  has  been  shown  that  the  temperature  in  zone 
I  had  been  too  low  for  the  formation  of  nitride.  The  quantity 
of  ammonia  decomposed,  had  likewise  been  insignificant.  In 
zone  II,  evidence  of  the  progress  of  the  reactions  1  and  2,  is 
visible  in  the  formation  of  the  surface  coating,  nitride  plates 
and  darkened  patches.  The  degree  to  which  reaction  3  had 
progressed  is  speculative,  since  but  little  decarburization  is 
noticeable.  Reaction  I  preidominates,  as  indicated  above;  its 
progress  probably  being  rmpeded  by  the  thick  surface  coating 
of  nitride  which  is  formed.  In  zone  III  reaction  3  has  reached 
its  maximum  velocity  while  reaction  1,  is  partly  replaced  by 
reaction  2.  The  solution  of  nitrogen  and  iron  which  is  formed 
is  not  protected  by  a  surface  layer  until  an  appreciable  de- 
composition has  occurred.  Then  the  spongy  skull  that  forms 
might  retard  the  destruction  slightly,  by  acting  as  a  porous 
filter,  and  cracking  the  infiltering  ammonia,  but  this  protec- 
tion would  be  negligible.  Evidence  of  the  presence  of  an 
appreciable    amount    of    hydrogen    is    shown    in    the    freedom 


TRAXSACTIOKS    OF 

78  AMERICAN  SOCIETY  FOR  STEEL   TREATING  July 

from  carbon  of  this  portion  and  of  the  balance  of  the  tube. 
Beyond  the  cracking  zone,  the  thin  disintegrated  layer  along 
the  surface  in  zone  IV  indicates  the  action  of  fi  small  per- 
centage of  residual  ammonia.  The  absence  of  nitrogen  com- 
pounds shows  that  reaction  3  had  begun  to  approach  equili- 
brium. This  same  feature  but  lacking  the  surface  disintegra- 
tion in  zone  I  indicates  that  equilibrium  with  respect  to  re- 
action 3,  had  been  attained.  In  fact  the  drop  in  the  tempera- 
ture over  the  exhaust  portion  of  the  tube  would  favor  the 
synthesis  of  a  small  amount  of  the  available  nitrogen  and 
hydrogen. 

VL     Summary 

1.  The  failure  in  service  of  wrought  iron  and  steel  tubes 
employed  in  an  apparatus  used  for  the  decomposition  of  ammonia, 
is  described.  The  prolonged  exposure  of  the  metal  to  a  current 
of  hot  gaseous,  ammonia  produces  a  localized  disintegration,  the 
position  of  which  is  determined  by  the  temperature  and  ammonia 
concentration. 

2.  The  progress  of  the  deterioration,  with  temperature,  is 
similar  for  both  types  of  material.  Details  of  the  macroscopic  and 
microscopic  features  of  the  deterioration  of  the  metal,  are  men- 
tioned in  view  of  their  importance  in  connection  with  the  study 
of   'nitrogenized'    steels. 

3.  The  relations  between  temperature  and  the  joint  reac- 
tions representing  the  decomposition  of  ammonia  and  the  nitro- 
genization  of  iron  are  briefly  sketched  to  illustrate  the  general 
character  of  the  deterioration  of   steel  in  heated  ammonia. 
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NOTES  FROM  THE  BUREAU  OF  STANDARDS 
Thermal  Stresses  in  Steel  Car  Wheels 

SOME  of  the  work  of  the  Bureau  of  Standards  in  testing  car 
wheels  has  been  described  in  previous  reports  of  the  bureau. 
In  1920  a  conference  of  several  representative  manufacturers  and 
purchasers  of  steel  car  wheels  was  held  at  the  bureau  to  discuss 
plans  for  conducting  an  investigation  of  the  thermal  stresses  de- 
veloped in  the  plates  of  such  wheels  through  heating  f)f  the  rim 
during  long  brake  applications.  As  experienced  railway  men  stated 
that  sometimes  the  tread  becomes  heated  to  a  dull  red,  it  was 
agreed  that  such  an  investigation  would  be  of  general  interest 
and  value  to  the  steel  wheel  industry. 

Eight  worn  33-inch  wheels  were  furnished  by  the  Pennsylvania 
railroad  and  nine  new  33-inch  wheels  were  furnished  by  several 
different  manufacturers.  One  or  more  tests  were  also  made  on 
two  special  designs  of  wheels,  the  first  with  a  thin  plate,  and  the 
second  with  a  straight  plate.  The  wheels  tested  were  representa- 
tive of  the  five  methods  of  manufacture  in  common  use  and  were 
mounted  "in  such  a  way  that  the  axle  was  kept  cool  by  running 
water  while  the  tread  could  be  heated  by  means  of  electrical 
resistor  close  to  but  electrically  insulated  from  the  tread.  Ther- 
mocouples were  inserted  at  approximately  2-inch  intervals  to  de- 
termine the  temperature  distribution,  while  the  radial  stresses 
developed  in  the  plate  on  both  the  face  and  back  were  indicated 
by  means  of  strain-gage  measurements.  The  tensile  properties  and 
coefficient  of  expansion  of  the  material  from  which  the  wheel  was 
made  were  determined  in  auxiliary  tests.  The  stresses  were  only 
calculated  radially  on  the  face  and  back  of  the  plate  since  pre- 
liminary measurements  indicated  that  the  tangential  stresses  were 
of  a  compressive  nature  and  of  small  magnitude. 

Ordinarily  the  tread  of  the  wheel  was  heated  to  a  tempera- 
ture of  about  380  degrees  Cent.,  but  in  the  case  of  two  new 
rolled  wheels  and  one  cast  wheel,  the  treads  were  heated  to  the 
highest  temperature  attainable  with  the  eciuipment.  about  500  de- 
grees Cent.  Considerably  more  time  was  required  to  reach  this 
temperature  than  to  reach  the  temperature  of  380  degrees  Cent., 
but  the  stresses  were  no  greater.  The  geater  strain  appeared  to 
be  offset  by  the  greater  expansion  resulting  from  the  higher 
temperature,  thus  giving  a  flat  stress  time  curve  between  380  to 
500  degrees  Cent. 

The  most  interesting  features  revealed  in  these  tests  may  be 
summarized  as  follows:  (1)  None  of  the  wheels  failed;  (2) 
When  the  rim  is  heated,  the  hub  moves  with  respect  to  the  rim 
inducing  stresses  in  the  plate.  For  the  first  test  on  new  wheels 
these  are  in  tension  near  the  hub  and  in  compression  near  the  rim 
on  the  face,  while  on  the  back  of  the  plate,  the  stresses  for  the 
same  locations  near  the  hub  and  rim  are  about  equal  in  magnitude 
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but  of  opposite  sign;  (3)  For  worn  wheels,  the  stresses  are  of 
the  same  character  except  near  the  rim  on  the  face  where  very- 
little  stress  is  found.  This  difference  is  due  to  shifting  of  the 
neutral  axis  on  .the  face  brought  about  by  conditions  of  service; 
(4)  The  maximum  stresses  are  on  the  surface  and  slightly  above 
the  yield  point  of  the  material  which  averages  about  50,000 
pounds  per  square  inch  as  determined  in  tensile  tests;  (5)  A  per- 
manent set  resulted  only  in  the  case  of  new  wheels  on  the  first 
test.  For  worn  wheels  and  in  succeeding  tests  on  new  wheels,  no 
set  was  apparent,  showing  that  stresses  above  the  yield  point 
were  not  increased  by  repeated  heating  and  that  through  the 
effects  of  service  the  old  wheels  had  been  brought  to  a  condition 
approximating  that  of  the  new  wheels  after  the  first  heating;  (6) 
For  all  forged  wheels,  the  character  and  magnitude  of  the  stresses 
are  but  little  affected  by  the  method  of  manufacture.  Because 
of  the  corrugated  plate,  the  stresses  developed  in  the  cast  wheels 
were  more  complicated  than  those  in  the  forged  wheels;  (7)  The 
special  rolled  wheel  with  the  thinner  plate  3^ -inch  thick  developed 
stresses  similar  to  those  in  the  wheels  of  regular  design  but  of 
somewhat  greater  magnitude,  w4iile  the  stresses  produced  in  the 
special  straight  plate  w^heel  were  in  pure  tension  on  both  the  face 
and  back  of  the  wheels. 

This  work  is  described  in  detail  in  Technologic  Paper  No.  235 
of  the  Bureau  of  Standards  which  will  be  available  at  an  early- 
date  from  the  superintendent  of  documents,  government  printing 
office,  A\'ashington,   D.    C. 

Etching  Reagents  for  Alloy  Steels 

This  investigation  which  has  been  in  progress  at  the  Bureau 
for  some  time  has  yielded  the  following  results  to  date:  The 
metallographic  etching  of  alloy  steels  with  the  usual  acid  etching 
reagents  fails  to  identify  the  different  constituents  that  may  be 
present  in  the  alloy  steel,  such  as  the  carbide  of  iron,  chromium, 
tungsten  or  vanadium,  tungstide  of  iron,  and  possibly  complex 
compounds  as  double  carbides.  This  is  a  particular  importance 
where  two  or  more  of  the  constituents  are  present  simultaneously 
in  the  microstructure  as  has  been  found  to  be  the  case  with  high- 
speed steels  and  iron-tungsten-carbon  alloys. 

It  was  seen  early  in  the  investigation  that,  on  the  one  hand, 
the  use  of  the  usual  inorganic  acids  offered  little  hope  of  success 
because  of  the  general  resistance  of  the  above-mentioned  constit- 
uents to  the  corrosive  action  of  the  acids,  while,  on  the  other  hand, 
alkaline  solutions  of  an  oxidizing  nature  offered  considerable 
promise  in  producing  distinctions  by  means  of  etching  character- 
istics. A  little  experimental  work  was  next  carried  out  on 
various  alkaline  solutions  with  and  without  the  use  of  oxvgen 
gas  or  oxidizing  agents,  the  results  of  this  work  being  the  develop- 
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merit  of  a  new  etching  reagent,  namely,  a  potassium  permanganate 
and  sodium  hydroxide  mixture. 

With  the  object  of  establishing  the  identity  of  the  metallo- 
graphic  constituent  known  or  believed  to  be  present  in  the  mi- 
crostructure  by  noting  its  behavior  toward  the  various  etching  re- 
agents, etching  tests  were  made  on  various  amounts  of  the  alloy- 
ing element  and  of  carbon.  For  this  work  a  number  of  etching 
reagents  of  an  alkaline  nature,  among  which  were  several  well- 
known  reagents,  such  as  sodium  picrate.  Yatsevitch's  reagent,  etc., 
were  used.  Heat-tinting  was  also  tried.  The  method  of  sequence 
etching  or  etching  with  j;vvo  or  more  reagents  in  succession  without 
any  repolishing  of  the  specimen  between  the  etchings  was  used 
with  success  in  cases  where  more  than  one  constituent  is  ])resent 
in  the  microstructure,  as  in  high-speed  steels. 

The  results  obtained  so  far  show  that  it  is  possible,  by  proper 
selection  of  the  etching  reagent,  to  determine  in  a  satisfactory  man- 
ner the  presence  or  absence  of  the  different  constituents  in  the 
micro-section  and  also  to  distinguish  between  several  of  the  con- 
stituents when  two  or  more  are  present  in  the  same  micro-seclion, 
as,  for  example,  cementite  and  chromium  carbide,  or  cementite 
and  iron  tungstide.  No  method  has  as  yet  been  found  for  dis- 
tinguishing between  chromium  carbide  and  tungsten  carbide  other 
than  from  a  consideration  of  the  shape  of  the  particles  which 
these  constituents  have  been  found  to  assume  should  both  occur 
in   the   same   micro-section. 

Gases  in  Metals 

Tests  conducted  at  the  Bureau  of  Standards  on  the  completeness 
of  recovery  of  oxygen  from  oxides  of  iron  and  silicon  in  the 
vacuum  fusion  method  for  gases  and  metals  have  indicated  com- 
plete reduction  and  recovery  in  both  cases.  Other  oxides  which 
may  be  present  in  steels  are  now  being  tested.  Through  the  co- 
operation of  a  manufacturer  of  malleable  cast  iron,  some  tests  have 
recently  been  made  which  indicate  that  the  results  for  oxygen 
by  the  Ledebur  method  on  white  cast  iron  are  of  little  value 
because  of  the  surface  oxidation  of  the  sample  during  its  re- 
duction to  a  finely  divided  form.  The  apparent  oxygen  con- 
tent of  the  metal  as  a  fine  powder  is  about  100  times,  and  as 
a  coarse  powder  about  50  times  the  true  oxygen  content  of  the 
material,   as  given  by  vacuum    fusion   analysis   on  a   solid   sample. 

Heat  Treatment  and  Properties  of  Magnet  Steels 

The  Metallurgical  and  Electrical  Divisions  of  the  Bureau,  in 
ro-operation,  are  beginning  an  investigation  to  determine  the  ef- 
fects of  various  heat  treatments  upon  the  characteristic  properties 
of  the  steels  now  used  commercially  or  suggested  for  use  in 
the  manufacture  of   permanent  magnets.      During  the   past   month 
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about    10  samples  were  hardened,   and   it  is  hoped  that  they  will 
soon  be  ready  for  the  first  magnetic  tests. 

Non-Destructive  Testing   of   Wire   Rope 

The  Bureau  of  Standards  is  about  to  undertake  an  investiga- 
tion of  the  possibilities  of  using  non-destructive  methods  for  test- 
ing wire  rope  with  special  reference  to  hoisting  rope.  Present 
methods  of  inspection  are  unsatisfactory  and  do  not  unfailingly 
tell  when  it  is  necessary  to  remove  the  rope  from  service.  'Ihe 
object  of  this  investigation  is  to  develop,  if  possible,  some  method 
by  which  an  actual  test  can  be  made  to  determine  the  condition 
of  the  rope  with  respect  to  its  deterioration  in  service,  without 
destroying  it.  An  advisory  committee  is  being  organized  which 
will  be  composed  of  representatives  of  the  principal  interests  con- 
nected with  the  manufacture,  use,  and  testing  of  wire  rope,  and 
the  first  meeting  of  the  committee  was  held  at  the  Bureau  on 
June  16  for  the  purpose  of  discussing  plans  and  methods  -of  pro- 
cedure in   the  work. 

Steel  for  Brinell  Balls 

In  measuring  the  hardness  of  metals  by  the  Brinell  method,  a 
hardened  steel  ball  is  forced  into  the  specimen  by  hydraulic  pres- 
sure, the  amount  of  penetration  serving  as  an  indication  of  the  hard- 
ness of  the  sample.  Difficulty  has  been  found  in  measuring  the 
Brinell  hardness  of  steel  having  a  hardness  over  500  B.  h.  n. 
An  attempt  has  been  made  by  the  Bureau  for  the  past  3  or  4 
years  to  obtain  a  very  hard  steel  which  will  carry  the  load  of  3000 
kg.  without  fracture,  but  up  to  the  present  without  success.  Tung- 
sten carbide  has  been  suggested,  but  it  has  been  impossible  to  ob- 
tain this  material  in  suitable  condition  in  either  this  country  or 
Germany.  Recently  a  very  hard  vanadium  steel  made  at  the  Bu- 
reau's laboratories  has  been  tried  and  shows  promise  of  success. 
More  of  it  will  be  made,  and  if  future  experiments  are  successful, 
an  important  advance  in  the  art  of  hardness  testing  may  result. 

Scratch  of  Hardness  of  Copper 

The  Bureau  of  Standards  is  conducting  an  investigation  of 
the  instrument  used  for  the  determination  of  the  scratch  hard- 
ness of  metals,  and  in  connection  with  this  work,  considerable 
attention  has  been  given  in  respect  to  the  affect  of  various 
amounts  of  cold  working  on  the  hardness  of  copper.  The  results 
obtained  in  cold  rolling  very  pure,  electrolytic,  unmelted  copper 
and  also  ordinary  commercial  copper  indicate  clearly  that  the  early 
stages  of  the  deformation  of  the  metal  harden  it  very  rapidly. 
The  maximum  degree  of  hardness  is  soon  reached,  however,  and 
a  reversal  occurs,  the  metal  becoming  very  appreciably  softer 
as    the    deformation    process    is    continued,    so    that    the    metal    in 
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its  final  condition  after  cold  rolling  is  completed  is  softer  as  meas- 
ured by  the  scratch  hardness  method  than  in  its  initial  state. 
These  results  were  confirmed  by  tests  made  on  the  same  material 
by  the  micro-Brinell  method.  Annealing  cold-rolled  sheets  at  a 
low  temperature  (100  degrees  Cent.)  softens  the  material  appre- 
ciably, but  the  general  form  of  the  hardness  deformation  curve  is 
not  affected. 

The  work  will  be  extended  to  a  few  other  metals  to  determine 
whether  this  behavior  is  peculiar  to  copper  or  more  general  in  its 
nature. 


THE  CRYSTALLIZATION  OF  IRON  AND  ITS  ALLOYS 

Concluded  from  Page  45 

mal  critical  range,  and  through  that  range  so  as  to  obtain  the 
cast  structure  most  suitable  to  our  purpose,  namely,  a  net  work 
structure,  a  Widmanstatten  structure  or  a  "mixte"  structure.  We 
should  bear  in  mind  that  dendritic  segregation  is  not  removed  by 
the  usual  heat  treatments,  and  that  when  the  steel  ingot  is  sub- 
jected to  hot  working,  between  the  solidus  and  the  thermal  crit- 
ical range,  a  banded  structure  is  necessarily  produced  and  direc- 
tional properties  imparted  which  will  be  the  more  jironounced 
the  greater  the  reduction  of  the  cross  section.  We  should,  there- 
fore, abandon  the  belief  that  the  more  we  work  steel  the  more 
we  improve  its  physical  properties.  If  the  finished  implement 
is  to  be  subjected  to  transverse  stresses,  excessive  reduction  is 
very   detrimental    whenever   persistent   dendritic    segregation    exists. 


The  author  desires  to  record  here  his  appreciation  of  the  work  performed  in  his 
laboratory  during  the  last  two  years  by  E.  L.  Reed,  instructor  in  metallurgy,  and 
Carnegie  research  scholar,  and  hy  V.  D.  Krivohok  and  D.  C.  Lee.  candidates  for  the 
degree  of  Doctor  of  Science,  who  have  conducted  most  of  the  experiments  described 
in  this  paper  and  many  others  which  may  bear  fruit  later.  Their  ind'UStry  and 
enthusiasm    have    been    an    inspiration. 
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NOTES  FROM  THE  BUREAU  OF  MINES 
Improving  the  Efficiency  of  the  Blast  Furnace 
H ROUGH    its    investigations    into    (1)    the    reactions    taking 


T 


place  at  certain  zones  in  the  blast  furnace,  (2)  the  effect  and 
elimination  of  sulphur  in  coke,  and  (3)  the  use  of  oxygenated 
or  enriched  blast,  the  Department  of  the  Interior,  working 
through  the  Bureau  of  Mines,  hopes  to  reach  definite  conclu- 
sions which  will  be  of  considerable  benefit  to  the  iron  ar\d  steel 
industry. 

At  its  Minneapolis  experiment  station  the  Bureau  of  Mines 
has  made  several  smelting  campaigns,  these  including  the  regu- 
lar sampling  and  determination  of  gases  at  fixed  planes  in  the 
blast  furnace,  from  which  certain  deductions  can  be  made. 
Another  run  is  under  way  during  the  past  month.  Trials 
are  also  being  made  with  oxygenated  blast. 

The  behavior  and  elimination  of  sulphur  in  coke  is  being 
studied  at  the  bureau's  Pittsburgh  experiment  station,  this  re- 
vealing some  interesting  facts  regarding  the  absorption  of  sul- 
phur by  the  iron  inside  the  furnace. 

The  possibilities  of  using  oxygenated  blast  are  many,  and 
include  (1)  the  elimination  of  hot  stoves;  (2)  the  use  of  an 
excess  of  coke  to  prevent  chilling  and  freezing;  (3)  the  elimina- 
tion of  sulphur ;  (4)  allowance  of  the  utilization  of  high- 
phosphorus  ores;  (5)  improvement  in  Bessemerizing;  and  (6) 
lower  costs.  A  committee  of  ten  metallurgists,  chemists,  and 
engineers,  including  five  Bureau  of  Mines  men,  is  studying  this 
phase,  and  will  shortly  issue  a  preliminary  statemient  thereon. 

Shells   In   Strip   Steel 

The  result  of  an  analysis  of  data  on  open-hearth  practice  re- 
sulting in  shelly  strip  steel,  made  by  F.  B.  Foley,  metallurgist 
of  the  Department  of  the  Interior,  at  the  Mississippi  Valley 
experiment  station  of  the  Bureau  of  Mines,  Rolla,  Mo.,  showed 
that  heats  which  produce  shells  are  shorter  heats,  that  they 
take  more  ore,  and  less  spar  and  that  they  give  a  lighter  ladle 
skull  than  those  that  produce  metal  free  from  shells.  The 
indication  is  that  shells  are  the  result  of  running  the  heat  in 
the  oi^en-hearth  too  hot  and  bringing  down  the  carbon  too  fast 
by  oreing.     The  metal  is  thus  apparently  over-oxidized. 

Coal-Fired  Furnaces 
Manufacturers  and  operators  of  the  larger  coal-fired  fur- 
naces can  not  afford  to  disregard  the  possible  advantages  of 
pulverizing  their  coal  before  burning  it,  states  John  Blizard, 
fuel  engineer  of  the  Department  of  the  Interior,  in  Bulletin  217, 
recently  issued  by  the  Bureau  of  Mines.     The  bulletin,  which 
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contains  information,  regarding  the  preparation,  transportation 
and  combustion  of  powdered  coal,  is  published  through  the 
courtesy  of  the  Canadian  Department  of  Mines,  for  whom  the 
bulletin  was  originally  prepared. 

Powdered  coal  has  been  successfully  applied,  and  is  com- 
monly used  in  open-hearth  furnaces;  busheling  and  puddling 
furnaces ;  continuous-heating  furnaces  for  blooms  and  billets ; 
furnaces  for  heating,  reheating,  and  forging,  annealing  furnaces 
for  malleable  iron  and  steel  castings  and  plates ;  sheet  and  pair 
and  annealing  furnaces  and  tin  pots  ;  galvanizing  pots  ;  soaking 
pits;  ore  roasting  and  volatilizing;  copper-ore  roasting  and 
smelting ;  the  zinc  industry ;  the  gold  and  silver  industry ;  cal- 
cining kilns;  lime  burning;  refractory  materials;  and  also  in 
the  fertilizer  industry.  It  is  used  more  than  any  other  fuel  in 
the  cement  industry  and  has  been  successfully  applied  for  steam 
raising.  Whenever  powdered  coal  has  displaced  hand  firing 
the  coal  consumption  has  been  reduced  considerably. 

By  the  term  pow'dered  coal  is  meant  coal  subdivided  so  that 
it  may  be  burned  in  suspension  \vhen  mixed  with  the  necessary 
supply  of  air  cind  may  be  conveyed  easily  by  means  of  a  screw 
conveyer,  by  compressed  air,  or  suspended  in  a  steam  of  low- 
pressure  air  to  the  furnace. 

Since  the  coal  has  to  be  pulverized,  it  is  usually  better  to 
purchase  slack  coal,  which  is  usually  cheaper  and  costs  less  to 
pulverize. 

The  requisite  composition  of  the  coal  depends  upon  many 
factors.  Practically  all  coals  from  lignite  to  anthracite,  and 
even  coke  breeze  have  been  pulverized  and  burned.  But  an- 
thractite  and  coke  breeze  require  more  energy  to  pulverize 
them  than  softer  coals,  and  low-volatile  coals  are  difficult  to 
ignite  and  must  be  burned  in  specially  designed  furnaces. 

One  of  the  principal  difficulties  in  burning  powdered  coal 
lies  in  the  disposition  of  the  ash ;  and  for  this  reason  it  is  desir- 
able also  to  use  a  coal  which  contains  little  ash  and  that  melt- 
ing at  a  comparatively  high  temperature. 

The  power  used  to  pulverize  and  convey  similar  coals  to 
the  burner  is  approximately  proportional  to  the  weight  of  the 
coal  pulverized,  and  it  is  clear  that  the  pulverizing  and  convey- 
ing costs  will,  therefore,  be  greater  per  heat  unit  delivered  the 
lower  the  calorific  value  of  the  coal. 

A  pow^dered-coal  plant  consists  of  apparatus  which  con- 
verts raw  coal  into  powder  and  conveys  it  to  the  furnace,  into 
w^hich  it  is  delivered  as  required  and  burned  in  suspension. 
The  systems  used  to  accomplish  this  may  be  divided  into  two 
classes:  (1)  The  unit  system,  in  which  one  machine  prepares 
and  delivers  the  coal  to  the  furnace  with  the  necessary  air  for 
combustion,  and  (2)  the  multiple  system,  in  which  the  coal  is 
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prepared  in  one  building  and  transported  to  another  building 
wherein  is  situated  the  furnace  in  which  the  coal  is  to  be 
burned. 

The  principal  advantages  over  hand  and  stoker  firing  lie  in 
the  comparative  ease  of  conveying  coal  to  furnaces  and  in  the 
practically  complete  combustion  of  the  coal,  with  little  excess 
air,  in  close  contact  with  the  material  to  be  heated,  thus  avoid- 
ing the  convection,  radiation,  and  excess-air  losses  which  ac- 
company hand  or  stoker-fired  furnaces  placed  outside  reverbera- 
tory  and  many  other  furnaces.  For  this  reason  the  most  suc- 
cessful field  of  use  of  pulverized  coal  installations  has  been 
for  those  purposes  where  they  have  replaced  externally  fired  fur- 
naces. For  purposes  such  as  steam  raising,  where  the  burn- 
ing coal  can  give  up  heat  directly  by  radiation  to  the  boiler 
heating  surface,  there  is,  therefore,  less  opportunity  for  reducing 
the  fuel  consumption  by  burning  powdered  coal  instead  of  burn- 
ing coal  on  a  grate,  since  the  losses  which  may  be  reduced  by 
substituting  powdered  coal  firing  for  hand  firing  or  stoker  firing 
are  those  only  which  are  due  to  incomplete  combustion  and  us- 
ing excess  air.    These  losses,  however,  are  not  inconsiderable. 

Certain  drawbacks  to  the  use  of  powdered  coal  are  cited  by 
the  author  of  the  bulletin.  Before  powdered-coal  firing  can  com- 
pete successfully  Avith  grate  firing  it  is  obvious  that  the  gain 
due  to  the  smaller  consumption  of  powdered  coal  must  offset  the 
cost  of  preparing,  conveying,  and  burning  it. 

There  is  a  further  disadvantage  with  powdered  coal.  In 
grate  firing  the  ash  is  left  on  the  grates  and  in  the  ash  pit.  But 
with  powdered  coal  the  ash  is  blown  into  the  furnace,  out 
through  the  stack,  and  with  some  badly  designed  furnaces  out 
through  openings  in  the  furnaces.  It  may  also  form  a  trouble- 
some slag,  and  fill  up  the  flues  so  as  to  impede  the  draft. 

On  the  whole,  powdered-coal  plants  can  not  be  said  to  be 
clean.  There  are  fairly  clean  powdered-coal  plants ;  but  gener- 
ally, though  not  universally,  a  plant  using  powdered  coal  is 
dirtier  than  a  grate-fired  plant. 

Powdered  coal  is  better  adapted  for  firing  stationary  water - 
tube  boilers  than  other  boilers.  With  these  boilers  furnaces  of 
sufficient  size  and  of  the  correct  shape  may  be  constructed,  and 
the  gases  pass  through  no  tubes  wherein  ash  may  settle  to  ob- 
struct the  draft  and  shield  the  heating  surface.  It  has  been 
found  difficult  to  burn  powdered  coal  in  locomotive  and  cylin- 
drical marine  boilers  because  the  combustion  space  is  too  small 
to  permit  the  coal  to  be  burned  completely. 

Although  men  have  been  killed  by  explosions  and  fires  in 
powdered-coal  plants,  the  causes  of  such  accidents  are  known 
and  precautions  may  be  taken  that  they  may  not  recur. 
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The  Question  Box 

A  Column  Devoted  to  the  Asking,  Answering  and  Discussing 

of  Practical  Questions  in  Heat    Treatment  —  Members 

Submitting  Answers  and  Discussions  Are  Requested 

to  Refer  to  Serial  Numbers  of  Questions 


NEW  QUESTIONS 

QUESTION  NO.  86 — Can  ingotism  in  steel  he  removed  by 
subsequent   rolling   or  forging? 


QUESTION  NO.  ^7— What  is  the  reason  for  the  distortion 
of  gears  made  of  S.  A.  E.  3120  steel  after  carbiirizing  according  to 
recommended  heat  treating  practice  of  the  S.  A.  E? 


ANSWERS  OLD  QUESTIONS 

QUESTION  NO.  69.  Is  sulphur  up  to  0.10  per  cent  detri- 
mental to  the  quality  and  physical  properties  of  an  automotive 
steel? 


QUESTION  NO.  71.  Hoiv  do  the  physical  properties  com- 
pare betzveen  a  0.35-0.45  per  cent  carbon  acid  open-hearth  steel 
and  an  alloy  steel  of  either  3.5  per  cent  nickel  or  1.5  per  cent 
nickel  and  0.50  per  cent  chromium  neither  heat  treated? 

ANSWER.  By  J.  S.  Vanick,  re.search  operator,  fixed  ni- 
trogen research  laboratory,  department  of  agriculture,  \\'ashington, 
D.  C. 

The  approximate  ten.sile  properties  of  the  annealed  steels  of 
the  coffiposition  mentioned,  are  as  follows : 


Composition 
Carbon                  Nickel 

Chrome 

Tensile 
strength 

Yield 
point 

Red 
area 

Elong. 
2  inches 

per                       per 
cent                     cent 

per 
cent 

lbs.  per 
sq. in. 

lbs.  per 
sq. in. 

per 
cent 

per 
cent 

.35 

.45 
.35-.45                    3.5 
.35-.45                     1.5 

.60 

64,000 
71.300 
73,000 
75.000 

48.000 
57.500 
58,000 
60,000 

62 
54 
50 
45 

29 
23 
23 
20 
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No  comparison  can  be  made  between  "untreated"  steels,  if  a 
strict  interpretation  of  the  term  "heat  treat"  is  used.  Since  manu- 
facturing- processes  vary,  untreated  steel  would  mean  steel  from 
any  source,  in  bar,  billet,  or  finished  form,  which  had  not  received 
the  attention  necessary  to  eliminate  differences  in  condition  intro- 
duced during  the  manufacturing  process. 

No  steel  should  be  used  without  being  annealed  either  by  the 
user  or  by  the  manufacturer.  Most  steels  in  bar  sizes  are  subjected 
to  a  "mill  anneal"  by  the  manufacturer.  Many  products  receive 
treatment  equivalent  to  annealing  by  being  finished  at  suitable  tem- 
peratures and  cooled  under  carefully  controlled  conditions.  In 
any  case,  a  comparison  of  tensile  properties  is  not  justified  until 
a  common  level,  with  respect  to  the  condition  of  the  steel,  is 
reached  and  this  level  in  its  most  simple  form  is  attained  in  the 
annealed  product. 


QUESTION  NO.   72.     What  elements  are  conducive  to  good 
electric    butt-zvelding    of   steels? 


QUESTION  NO.  72>.  Does  electric  butt-zvelding  destroy  the 
physical  properties  developed  in  a  steel  which  has  been  heat  treated 
prior  to  the  ivelding  operation? 


QUESTION  NO.  74.  Why  shouldn't  a  bar  of  steel  rolled 
from  a  locomotive  axle  be  better  than  one  rolled  direct  from  the 
billet  made  from  the  original  ingot? 


QUESTION  NO.  76.  Why  are  cold  drawn  carbon  and  high- 
speed steel  sometimes  supplied  with  a  copper  coating?  Does  this 
coating  affect  the  steel  in  any  ivay,  or  is  it  merely  a  lubricating 
agent  in  the  drawing  process?  Is  it  necessary  or' desirable  to  re- 
move the  coating  before  hardening? 

ANSWER— By  B.  F.  Weston,  Jones  &  Laughlin  Steel  Corpora- 
tion—S.  S.  Works,  Beaver  Falls,  Pa. 

The  cold  drawing  of  steel  presents  a  condition  requiring 
great  efficiency  in  lubrication,  as  may  be  imagined,  and  while 
many  substances  are  used  in  drawing  ordinary  soft  grades  of 
steel,  the  use  of  some  substance  entirely  preventing  the  "gall- 
ing" and  scratching  of  the  bar  being  drawn  in  the  case  of 
harder  material. 

A  heavy  grease  of  the  lime  or  aluminum  soap  type  may 
be  used,  a  light  copper  coating  is  desirable,  which  would  not 
be   likely   to    injure    the   steel    except   for   use    in    some    special 
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cases.  The  copper  acts  only  as  a  lubricant,  and  while  it  is  not 
necessary  to  remove  the  copper  coating  before  hardening,  the 
writer  believes  it  desirable. 


QUESTION  NO.  82.  What  analysis  steel  is  most  suitable 
for  punching  out  hot  work  on  upsetter  in  drop  forge  shop? 

ANSWER.  The  most  suitable  steel  for  piercing-punches  and 
shear-dies  used  for  hot  work  on  upsetting  machines  is  one  having 
the  following  approximate  analysis : 

Carbon             Manganese         Chromium  Vanadium  Tungsten 

per  cent               per  cent               per  cent  per  cent  per  cent 

0.50                     0.30                     275  0.40  14.00 

Phosphorus   and   sulphur  as  low  as  possible. 

Preheat   to    1600-1700  degrees    Fahr..   heat   to   2100-2150  degrees 
Fahr.,  quench  in  oil,  draw  at  1050  degrees  Fahr. 

Should  a  steel  be  required  to  withstand  severe  shock  in  addi- 
tion to  heat,  the  following  approximate  analysis  may  be  found 
more  suitable: 

Carbon             Manganese         Chromium  Vanadium  Tungsten 

per  cent               per  cent               per  cent  per  cent  per   cent 

0.25                     0.30                     3.25  0.25                     8.00 

Phosphorus   and   sulphur   as   low   as  possible. 

Preheat    to    1600-1700   degrees    Fahr.,    heat    to    220-2350   degrees 
Fahr.,  quench  in  oil,  draw  at  1050  degrees  Fahr. 

Another  anal^'sis  suitable  for  some  kinds  of  hot  upsetting  work 
is  approximately : 

Carbon             Manganese         Chromium  Vanadium  Tungsten 

per  cent               per  cent              per  cent  per  cent  per  cent 

0.50                     0.35                     1.50  0.20  2.50 

Phosphorus   and   sulphur  as  low   as  possible. 

Heat  to  1750-1800  degrees  Fahr..  quench  in  oil,  draw  at  900-1050 
degrees  Fahr. 

The  following  chrome  steel  has  also  been  found  satisfactory 
for  some  kinds  of  hot  upsetting  work: 

Carbon                     Manganese                  Chromium  V'anadium 

per  cent                        per  cent                     per  cent  per  cent 

0.85                              0.40                              3.50  0.15 

Phosphorus   and   sulphur  as  low   as   possible. 


QUESTION  NO.  83.  In  annealing  high  carbon  tool  steel 
in  an  open  fire  furnace  6'  x  12'  is  it  likely  that  sulphur  would  be 
imparted  to  the  steel  by  the  use  of  producer  gas  made  from  coal 
unusually  high  in  sulphur,  say  around  1.50  to  2.00  per  cent/ 
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QUESTION  NO.  84.  What  Is  the  effect  on  the  steel  being 
forged,  through  the  use  of  high  velocity  blozvs  during  drop  forg- 
ing F 

ANSWER — By  Henry  Hayes,  London,  England. 

Though  the  statement  may  not  be  readily  accepted,  it  has 
been  found  by  experience  that  high  velocity  blows  fill  the  die 
better  and  use  less  material.  In  a  drop  hammer,  the  velocity 
of  the  falling  weight  is  determined  by  the  height  of  the  fall. 
In  the  steam  drop  hammer  of  the  direct-acting  type,  the  stroke 
is  shorter,  but  is  compensated  for  by  the  steam  pressure  behind 
the  piston.  As  the  velocity  increases  with  the  steam  pressure 
the  tup  strikes  the  work  with  a  higher  velocity  than  in  the 
gravity  drop  stamp.  The  lift  off  is  also  quicker  in  the  steam 
hammer,  therefore  the  period  during  which  the  heated  steel  is 
in  contact  with  the  dies  is  reduced — ^greatly  to  the  advantage 
of  the  dies. 

The  problem  of  the  speed  of  the  blow  is  one  which  has  not 
yet  received  the  metallurgical  and  mechanical  consideration 
that  its  importance  warrants.  It  is  known  that  there  is  a  great 
difference  between  the  work  performed  by  a  hydraulic  press 
and  a  steam  or  drop  hammer ;  and  when  this  is  analyzed  critic- 
ally it  resolves  itself  into  a  question  of  the  time  during  which 
the  work  takes  effect. 

In  the  case  of  hydraulic  press  work,  every  molecule  of  the 
metal  has  ample  time  to  transfer  the  push  to  its  neighbors,  and 
not  much  work  is  expended  in  internal  friction.  With  a  high 
velocity  blow,  however,  there  is  little  time  for  the  transfer  of 
energy  and  much  work  is  expended  in  overcoming  the  high 
internal  resistance,  and  is  converted  into  heat.  It  is  thus  pos- 
sible to  have  a  job  coming  out  of  the  dies  at  a  considerably 
increased  temperature. 

Drop  forgings  can  be  classified  under  two  headings,  those 
of  large  area  requiring  maximum  horizontal  flow,  and  those  in 
which  the  flow  is  mostly  vertical.  In  the  first  case  every  in- 
ducement must  be  adopted  to  allow  the  metal  to  run  away, 
such  as  highly  polished  die  surfaces  and  ample  lubrication.  In 
the  second  case,  where  vertical  flow  is  desired,  it  is  necessary 
to  create  conditions  to  increase  the  resistance  to  horizontal 
flow,  so  that  the  plastic  metal  may  be  squirted  or  extruded  into 
the  unfilled  die  spaces.  If  the  flat  surfaces  of  the  die  are  rather 
rough  this  will  increase  the  frictional  resistance  which  will  be 
greatly  reinforced  when  the  fin  begins  to  form.  Another 
important  factor  is  that  work  which  is  applied  slowly  (as  by. 
low  velocity  blows)  is  selective,  having  more  time  to  search  for 

{Continued  on  Page  108) 
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Reviews  of  Recent  Patents 


1,447,356.  Die  Support  for  Wire-Drawing  Machines.  Charles  H. 
Osland,  Worcester,  Mass.,  assignor  to  the  O.  &  J.  Machine  Company, 
a  corporation  of  Massachusetts. 

This  patent  refers  to  a  wire-drawing  device,  the  combination  with  a 
bracket  provided  with  a  pair  of  upwardly  extending  sides,  each  perforated, 
a  guide  pin  extending  through  each  perforation  in  a  direction  parallel  to 
the  direction  of  the  wire,  said  pins  and  sides  being  located  at  a  distance 
apart,  a  spring  on  each  of  said  guide  pins  bearing  against  said  upwardly 
extending  sides  and  a  box  for  lubricant  having  ears  on  opposite  sides 
provided  with  perforations  through  which  said  pins  pass  and  having 
means  for  preventing  the  ears  from  being  pushed  off  the  pins,  said  springs 
bearing  against  said  ears  of  a  wire  drawing  die  supported  at  the  end 
of  said  box  beyond  the  springs,  said  box  having  means  by  which  the 
die  is  firmly  secured  in  position  and  also  provided  with  flanges  oppositely 
located  and  engaging  the  surfaces  of  said  upwardly  extending  sides  op- 
posite the  springs,  whereby  the  whole  box  with  its  die  is  yieldingly 
mounted  and  is  guided  to  move  with  the  wire  or  against  it  in  parallel 
relationship  to  it  at  all  times. 

1,447,517.  Automatic  Temperature-Control  Means  for  Electric  Fur- 
naces. Thomas  Andrew  Reid,  East  Orange,  N.  J.,  assignor  to  Electric 
Heating  Appartus  Company,  Newark,  N.  J. 

This  invention  refers  to  the  combination  with  an  electric  furnace 
having  a  single  source  of  electrical  energy,  of  variable  voltage  contacts 
and  a  coacting  switch  arm  to  control  the  input  to  said  furnace  witliout 
interrupting  the  flow  of  current  therethrough,  a  pyrometer  having  a 
movable  contact  element  and  spaced  stationary  contact  elements  of  op- 
posite sign,  a  motor  to  operate  said  switch-arm  in  either  direction  of 
its  movement  for  varying  the  voltage  of  current  supplied  to  the  furnace, 
motor  circuit  including  said  pyrometer,  and  an  independent  source  of 
energy  for  the  control  of  said  motor. 

1,447,817.  Art  of  Casting  Metals.  James  M.  Perry,  Detroit, 
Michigan,  assignor  of  two-thirds  to  himself  and  one-third  to  Horace  G. 
Seitz,  Detroit,  Mich. 

This  patent  relates  to  an  art  of  casting  metal  for  the  production 
of  castings  of  generally  uniform  cross-section  in  the  direction  of  length 
of  the  casting,  and  wherein  the  casting  is  of  a  comparatively  thin- 
walled  type,  the  method  of  eliminating  imperfections  of  the  bubble  or 
hold  type  therefrom  which  method  consists  in  moving  the  imperfection 
sources  from  the  poured  metal  to  a  waste  zone  by  increasing  the  normal 
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speed  of  travel  of  the  sources  in  the  direction  of  natural  movement 
thereof  to  an  extent  sufficient  to  carry  the  sources  to  such  zone  prior 
to  solidification  of  the  metal. 

1,447,909.     Welding   Machine.     James   Hall  Taylor,   Oak  Park,   111. 

This  invention  comprises  the  combination  of  heat-ng  apparatus  for 
heating  the  work  to  be  welded,  welding  surfaces  between  which  the 
heated  work  is  welded,  and  a  one  cycle  stop  mechanism  operable  to 
move  the  work  between  said  heating  apparatus  and  said  welding  sur- 
faces. 

1,448,388.  Electric-Furnace  Resistor.  Ora  A.  Colby.  Irwin,  Pa., 
assignor  to  Westinghouse  Electric  &  Manufacturing  Company,  a  corpor- 
ation of  Pennsylvania. 

This  invention  relates  to  the  combination  with  a  pluralitj'  of  walls 
surrounding  a  furnace  chamber,  of  a  resistor  in  said  chamber  comprising 
a  plurality  of  dished  refractory  electrical-conducting  members,  granular 
resistor  material  in  each  of  sard  dished  refractorv  members  and  resilient 
means  for  maintaining  said  dished  members  in  interlocked  position  in 
said  furnace  chamber  free  of  said  walls. 

1,448,480.  Apparatus  for  Operating  Furnace  Doors.  Lester  D. 
Bedell,  Bethlehem,  Pa. 

This  patent  refers  to  an  apparatus  for  operating  furnace  doors  which 
comprises'  the  combination  with  a  vertically  movable  door,  of  a  movable 
lifting  member  connected  thereto,  and  means  for  counterbalancing  said 
door  and  for  moving  it  through  connection  with  said  lifting  member  com- 
prising a  counter-weight  of  materially  less  weight  than  the  door,  dif 
ferential  operating  and  supporting  mechanism  connecting  the  end  of 
said  member  and  means  in  a  fixed  position  for  applying  power  to  said 
operating  and  supporting  means  to  cause  movement  of  said  door  and 
counter-weight   in   either   direction   at   different   speeds. 

1,448,684.  Laminated  Super-refractory  Article.  Milton  F.  Beecher 
and  MacDonald  C.  Booze,  Worcester,  Mass.,  assignors  to  Norton  Com- 
pany, a  corporation  of  Massachusetts. 

This  relates  to  a  laminated  refractory  article  having  a  facing  of  bonded 
refractory  material,  a  reinforcing  backing  layer  of  ceramic  material  which 
is  reactive  with  an  ingredient  of  the  facing,  and  a  neutral  intermediate 
layer   intimatelj^  joined   to  and  separating  the   facing  and   backing   layers. 

1,448,701.  Forging  Furnace.  Harry  O.  Breaker,  Winthrop,  Mass., 
assignor  to  Industrial  Furnace  Corporation,  Boston,  Mass.,  a  corporation 
of  Massachusetts. 

The  above  refers  to  a  forging  furnace  which  comprises  a  combustion 
chamber  provided  with  a  movable  hearth  above  the  combustion  chamber, 
and  with  an  adjustable  longitudinal  opening  therein  for  the  escape  of 
the  products  of  combustion. 
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News  of  the  Chapters 


BOSTON   CHAPTER 

The  Boston  chapter  of  the  American  Society  for  Steel 
Treating  held  a  meeting  on  May  24th  which  was  attended  by 
about  sixty  members  and  guests.  At  this  meeting  the  follow- 
ing new  ofificers  were  elected  for  the  ensuing  year:  chairman, 
H.  E.  Handy,  vice-chairman.  \'.  I.  Homerberg,  sec.-treas.,  G.  E. 
Davis.  The  retiring  chairman  and  secretary  with  the  new 
officers  will  comprise  the  executive  committee  and  it  is  felt 
that  with  a  new  start  the  chapter  may  be  brought  to  the  front. 


CHICAGO  CHAPTER 

The  Chicago  chapter  of  the  American  Society  for  Steel 
Treating  held  a  regular  monthly  meeting  on  May  10,  at  the 
City  Club,  315  Plymouth  Court.  The  speaker  of  the  evening 
was  E.  W.  Ehn,  metallurgist,  Timken  Roller  Bearing  Co.,  who 
presented  an  illustrated  talk  entitled  "Carburizing  and  Harden- 
ing Qualities  of  Steel  as  Influenced  by  Deoxidization  of  the 
Steel  When  Made."  Mr.  Ehn  having  made  an  exhaustive  study 
of  this  subject  gave  much  valuable  information  on  the  carburiz- 
ing and  hardening  of  steel,  and  a  very  lively  discussion  was 
participated  in  by  the  large  number  in  attendance. 

At  this  meeting  the  following  members  were  elected  to 
serve  for  the  ensuing  year:  chairman,  F.  G.  Wheeler,  Miehle 
Printing  Press  &  Mfg.  Co.,  vice-chairman,  R.  G.  Guthrie, 
Peoples  Gas  Light  &  Coke  Co.,  secretary-treasurer,  Arthur  G. 
Henry,  1440  W.  Lake  St.  The  following  executive  committee 
was  also  elected:  V.  A.  Hain,  D.  G.  Haines,  Wilbur  Patrick, 
and  W.  H.  Potter. 

The  chapter  held  its  second  annual  outing  on  Saturday, 
June  9,  at  the  Hartmann  House,  Wheeling,  Illinois.  The  mem- 
bers were  transported  by  automobile  to  Wheeling,  where  a 
chicken   dinner   was   served   to   them   at  2:30  p.   m.   The   large 
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grounds  of  the  Hartmann  House  was  at  their  disposal  and 
plenty  of  entertainment  was  provided.  A  most  enjoyable  after- 
noon was  had  by  all. 


CINCINNATI  CHAPTER 

The  Cincinnati  chapter  of  the  American  Society  for  Steel 
Treating  held  their  June  meeting  on  the  14th  of  the  month. 
This  meeting  also  included  an  inspection  trip  at  2.30  p.  m.  to 
the  Pollak  Steel  Company.  Dinner  was  then  served  at  6:00 
p.  m.  at  the  Ohio  Mechanics  Institute,  and  the  meeting  followed 
at  7 :30  at  the  same  place.  The  paper  of  the  evening  entitled 
"The  Impurities  in  Steel"  was  given  by  Dr.  J.  Culver  Hartzell, 
chairman  of  the  chapter.  Dr.  Hartzell  gave  many  instructive 
points  with  reference  to  the  impurities  found  in  steel  and  a 
lively  discussion  followed. 

An  enjoyable  afternoon  and  evening  was  spent  by  all. 

At  the  chapter  meeting  held  on  May  10th,  the  following 
members  were  re-elected  to  serve  on  the  executive  committee : 
E.  W.  Detraz,  Edward  Gardner,  C.  H.  Waldo,  C.  J.  Wersel. 
W.  R.  Klinkicht  was  elected  in  addition. 


DETROIT  CHAPTER 

At  the  chapter  meeting  held  on  May  29th  the  election  of  new 
officers  was  held  and  resulted  in  the  following  elections :  chair- 
man, J.  M.  Watson,  Hupp  Motor  Car  Co.,  vice  chairman,  W.  P. 
Woodside,  Studebaker  corporation,  secretary-treasurer,  W.  G. 
Calkins,  Detroit  Twist  Drill  Company.  The  following  execu- 
tive committee  was  also  elected  to  serve  for  the  coming  year: 
Robert  Atkinson,  Halcomb  Steel  Co.,  Edmund  Blasko,  Ford 
Motor  Co.,  H.  G.  Peebles,  Detroit  Steel  Products  Co.,  R.  C. 
Banks,  Maxwell  Motor  Co.,  W.  E.  Blythe,  Driver-Harris  Co., 
H.  M.  Northrup,  Hudson  Motor  Car  Co. 


HARTFORD  CHAPTER 

At  the  May  meeting  of  the  Hartford  chapter,  the  following 
members  were  nominated  and  elected  to  serve  for  the  coming 
year:  chairman,  J.  J.  Curran,  vice-chairman,  C.  M.  Blackman, 
secretary-treasurer,  L.  A.  Lanning.  The  executive  committee 
is  as  follows:  Chas.  A.  Allen,  F.  R.  Downs,  J.  C.  Kielman,  R.  F. 
V.  Stanton,  R.  W\  Woodward,  and  A.  H.  d'Arcambal. 
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INDIANAPOLIS  CHAPTER 

During  the  May  meeting  of  the  Indianapolis*  chapter  the 
members  of  the  chapter  elected  as  their  officers  for  the  ensuing 
year  H.  B.  Northrup,  metallurgist  with  the  Diamond  Chain  & 
Mfg.  Co.,  as  chairman  and  R.  Robert  Smith,  of  1535  Naomi  St., 
as  secretary-treasurer. 


J.    M.    WATSON 

Chairman — Detroit    Chapter 


H.    B.    XORTHRUP 
Chairman — Indianapolis    Chapter 


LOS  ANGELES  CHAPTER 

The  Los  Angeles  chapter  of  the  American  Society  for  Steel 
Treating  held  a  meeting  on  Thursday,  June  6th,  at  the  ofifices  of 
the  Westinghouse  Electric  &  Manufacturing  Company,  418 
South  San  Pedro  Street,  at  7:30  p.  m.  The  speaker  scheduled 
for  this  meeting,  Mr.  Harwood,  was  unable  to  attend,  and  con- 
sequently A.  B.  Denny,  mill  superintendent,  Columbia  Steel 
Corporation,  presented  a  paper  entitled  "Open-Hearth  Steel." 
Mr.  Denny  gave  a  very  capable  presentation   and  brought  out 
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many  interesting  points  about  the  manufacture  of  open-hearth 
steel.  The  entertainment  committee  was  on  hand  and  a  very 
enjoyable  evening  was  spent  by  all. 

LEHIGH  VALLEY  CHAPTER 

The  Lehigh  Valley  chapter  of  the  American  Society  for 
Steel  Treating  recently  elected  the  following  members  to  serve 
for  the  coming  year :  chairman,  A.  P.  Spooner,  vice-chairman, 
G.   C.   Lilly,   secretary-treasurer,   B.   F.    Shepherd.      The   executive 


A.    p.    SPOONER 
Chairman — Lehigh   Valley    Chapter 


committee  is  as  follows:  ^^^  H.  Laury,  ^^^  R.  Shinier,  F.  P. 
Martin,  A.  C.  Moyer,  S.  P.  Koch.  H.  S.  Brainerd,  A.  E.  Fowler, 
B.  H.  DeLong  and  R.  H.  Christ. 
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NEW  HAVEN  CHAPTER 

According  to  reports  from  the  New  Haven  chapter,  the  best 
meeting  which  the  chapter  ever  held  took  place  Friday  evening 
June  15,  1923. 

The  meeting  was  held  at  the  Wilcox  Pier  Restaurant,  Savin 
Rock  Park.  This  meeting  was  primarily  for  the  purjKJse  of  having 
a  good  time.  A  shore  dinner  was  served  at  6 :30  p.  m.  and  all 
hands  enjoyed  a  good  old  feed.  The  cabaret  show  and  music 
were  excellent,  as  was  also  the  thoughts  which  were  developed 
by  the  speaker,  E.  H.  ^^'ebb,  president  of  the  Webb  Wire  Works. 
New  Brunswick,   N.  J. 

Everybody  was  out  for  a  good  time  and  thus  added  to  the 
committee's  efforts  very  materially  in  realizing  a  wonderful  time. 

Fred  J.  Dawless  being  considerable  of  a  song  writer  intro- 
duced his  version  of  Mr.  Gallagher  and  Mr.  Shean  and  the  boys 
fell  in  line  and  enjoyed  his  efforts  very  much.  His  verses  are  as 
follows : 

Mr.    Gallagher    and     Mr.     Shean 

1 

Oh!    Mr.    Gallagher,    Oh!    Mr.    Gallagher 

Hello,     what's    on     your    mind    this    morning    Mr.     Shean, 

Ev'ry    body's    mailing    fun 

Of   the    way    our   country's    run 
All    the    papers   say    we'll    soon    live    Eur-opean. 
W^hy    Mr.    Shean,    Why    Mr.    Shean 
On    the    day    they    took    away    our    old    canteen 

Cost    of    living    went    so    high 

That    it's    cheaper    now    to    die, 
Positively    Mr.    Gallagher, 
Absolutely    Mr.    Shean. 

2 

Oh!    Mr.    Gallagher,    Oh!    Mr.    Gallagher 

Once    I    think    I    saw    you    save    a    lady's    life, 

In    a    rnwboat    out    to    sea 

Vou    were   a    hero    then    to    me 
And    I    thought    perhaps    vou've    made    this    girl    your    wife 
Oh!    Mr.    Shean,    Oh!    Mr.    Shean 
As    she    sunk    I    dove    down    like    a    submarine 

Dragged   her   up   upon   the   shore 

Now    she's    mine    forever    more. 
Who,    the    lady     Mr.    Gallagher? 
No,    the   rowboat    Mr.    Shean. 


Oh!    Major    Hill,    Oh!    Major    Hill 

You're    the    finest    singer    we    have    ever    heard. 
Everybody    says    it's    fine 
When    you    sing   "Sweet    Adeline" 
Tn    a    way    that    sounds    exactly    like    a    bird. 
Oh!     Major    Hill,    Oh!     Major    Hill 

What    is    it    that    makes    you    sing    so    deep    and    full 
Is    it    eating    clams    and    fish. 
Or    some    other    tasty    dish 
Or    perhaps    it    is   a    beverage 
Won't   you   tell   us    Major    Hill? 


TliANSACTIONS   OF 

98  AMERICAN  SOCIETY   FOR   STEEL    TREATING  July 

YES!    We    Have    No    Bananas 

Yes !    We   have  no    bananas 
We    have    no    bananas    today. 

We've   string   beans    and    Hon-ions 
cab-BAH-ges    and    scalHons 
And    all    kinds    of    fruit    and    say — 

We    have   an   old    fashioned    to-MAH-to 
Long    Island    po-TAH-to 
But    YES  !    we    have    no    bananas, 
We    have    no    bananas    today. 

YES !    We    have    no    steel    troubles 
We    have   no    steel    troubles    today. 
We    orce    had    a    die    break 
It    took    weeks    to    make 
But    now    that's    all    passed    away 

We    have    the    good    old    Steel   Treaters, 
All    gocd    heavy    eaters. 
YES !    We   have   no    steel    troubles, 
We    have    no    steel    troubles    today. 


NEW  YORK  CHAPTER 

At  the  New  York  chapter  meeting  held  on  May  16th  the 
election  of  officers  took  place  and  the  following  have  been 
elected  to  serve  for  the  coming  year:  chairman,  Sam  Tour, 
metallurgist,  Doehler  Die  Casting  Company,  Brooklyn,  N.  Y., 
vice-chairman,  E.  E.  Thum,  associate  editor.  Chemical  &  Metal- 
lurgical Engineering,  New  York  City,  secretary-treasurer, 
T.  N.  Holden,  Jr.,  chief  chemist,  E.  W.  Bliss  Company,  Brooklyn 
N.  Y.  The  following  executive  committee  was  also  elected : 
P.  D.  Merica,  International  Nickel  Co.,  New  York  City,  W.  B. 
Kopfer,  Combustion  Utlities  Corp.,  Brooklyn,  N.  Y.,  K.  B.  Mil- 
lett,  Griscom-Russell  Company,  New  York  City,  R.  L.  Angell, 
E.  W.  Bliss  Company,  Brooklyn,  N.  Y.,  H.  J.  Fischbeck,  De 
La  Vergne  Machine  Company. 

The  chapter  held  a  meeting  on  June  20th  at  8:15  P.  M.  in 
the  Assembly  Room  of  the  Merchants  Association  of  New 
York.  The  speaker  of  the  evening  was  S.  W.  Miller,  Union 
Carbide  &  Carbon  Company,  w^ho  chose  for  his  subject,  "The 
Application  of  the  Oxyacetylene  Torch  to  Heat  Treatment." 
Mr.  Miller  gave  a  very  capable  presentation,  dealing  especially 
with  the  application  of  the  oxyacetylene  torch  to  the  harden- 
ing and  tempering  of  tools.  Following  the  paper  a  lively  dis- 
cussion took  place  out  of  which  many  interesting  and  instruct- 
ing points  were  developed. 

The  usual  dinner  was  served  at  6:30  p.  m.  in  the  Post 
Keller  Restaurant. 
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PITTSBURGH  CHAPTER 

The  Pittsburgh  chapter  of  the  American  Society  for  Steel 
Treating  held  a  meeting  on  Tuesday  evening,  June  5th  at  8:00 
p.  m.  in  the  Hawiian  Room  of  the  Wm.  Penn  hotel.  The 
paper  of  the  evening  was  presented  by  John  M.  Lessells,  re- 
search engineering  department.  W'estinghouse  Electric  & 
Manufacturing  Co.,  who  chose  for  his  title  "Some  Remarks  on 
Static  and  Dynamic  Forms  of  Testing."  Mr.  Lessells  presented 
his  paper  in  a  very  capable  manner,  which  brought  forth  a 
livelv  discussion. 


PHILADELPHIA    CHAPTER 

The  May  meeting  of  the  chapter  was  held  on  the  25th  of  the 
month  at  the  Engineers'  club. 

The  program  for  this  evening  consisted  of  a  paper  by  Chas. 
E.  Carpenter,  president,  E.  F.  Houghton  &  Co.,  entitled  "What 
the  Society  Means  to  the  Sustaining  Member,"  and  W.  H.  Eisen- 
man,  national  secretary,  spoke  to  the  members  on  "What  the  So- 
ciety Means  to  the  Executive.  " 


JOHN    J.    CROWE 
Chairman — Philadelphia    Chapter 
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At    this    meeting   John    J.    Crowe    was    elected    chairman    and 
Arthur  W.  F.  Green,  secretary-treasurer  for  the  ensuing  year. 


ARTHUR    W.    F.    GREEN 

Secretary -Treasurer — Philadelphia     Chapter 

PROVIDENCE  CHAPTER 

The  Providence  chapter  of  the  American  Society  for  Steel 
Treating  held  its  regular  monthly  meeting  on  May  24,  at  8 :00 
p.  m.,  in  the  rooms  of  the  Providence  Engineering  Society,  44 
Washington  Street.  This  meeting  was  in  the  nature  of  a 
round  table  discussion  on  problems  of  interest  to  all  heat 
treaters,  and  proved  highly  satisfactory  as  the  discussions 
brought  out  many   instructive  points. 

The  election  of  officers  was  held  at  this  meeting,  the  chair- 
man, F.  H.  Franklin,  and  the  secretary-treasurer,  W,  H.  Hunt, 
being  re-elected,  while  I.  E.  Waechter  was  elected  vice-chair- 
man. An  executive  committee  was  also  elected  which  consis- 
ted of  the  following  members :  F.  N.  Macleod,  A.  H.  Annan, 
O.  N.  Geer,  C.  Peterson,  and  J.  E.  Wiggins. 


ROCKFORD  CHAPTER 

At  the  Rockford  chapter  meeting  held  on  May  18th,  elec- 
tion of  officers  took  place,  at  which  time  the  following  mem- 
bers were  elected  :  chairman,  Chas.  Gotta,  Gotta  Gear  Company, 
vice-chairman,  G.  Aldeen.  National   Locke  Co.,  secretary-treas- 
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urer,  J.  B.  Frederick,  Barber-Colman  Co.  The  executive  com- 
mittee consists  of  John  Nelson,  Martin  Lundstrom,  Arthur 
Memering,  O.  T.  Muehlemeyer  and  R.  M.  Smith. 


SOUTH    BEND   CHAPTER 

The  South  Bend  chapter  of  the  American  Society  for  Steel 
Treating  held  a  meeting  on  May  9th  at  the  Chamber  of  Com- 
merce Building,  at  which  time  the  following  new  officers  were 
elected  to  serve  for  the  coming  year :  chairman,  Wm.  J.  Harris, 
first  vice-chairman,  W.  F.  Newhouse,  second  vice-chairman,  V. 
R.  Roberts,  secretary-treasurer,  Sam  Shagalofif  who  was  re-elec- 
ted. The  following  executive  committee  was  also  elected:  R.  D. 
Allen,  R.  M.  Holmes,  J.  A.  Kingsbury,  C.  E.  Ritchie,  R.  E. 
Lewton,  and  J.  Nugent. 

There  Avere  two  papers  presented  at  this  meeting,  the  first 
being  given  by  J.  A.  Kingsbury,  entitled  "The  Selection  of 
Tool  Steels."  The  second  paper  was  presented  by  C.  P.  Richter, 
who  talked  on  "Oxygen  and  Steel."  These  two  papers  were  very 
well  presented  and  brought  forth  much  interesting  discussion. 


SPRINGFIELD  CHAPTER 

The  Springfield  Chapter  of  the  American  Society  for  Steel 
Treating  held  its  June  meeting  on  the  first  of  the  month  in 
the  Chamber  of  Commerce  Rooms,  47  Worthington  Street. 
The  speaker  for  this  evening  was  R.  J.  Allen,  Rolls-Royce  Com- 
pany of  America,  who  chose  as  his  subject  "Steel  from  the 
Ore  to  the  Finished  Product."  Mr.  Allen  brought  out  many 
interesting  points  and  specimens  of  steel  in  the  various  stages 
of  manufacture  w^ere  shown. 

The  election  of  officers  was  held  at  this  meeting  and  re- 
sulted in  the  following  elections  or  re-elections :  chairman,  Ed- 
son  L.  Wood,  Met.,  Springfield  Arsenal,  Springfield,  Mass. ; 
vice-chairman,  V.  T.  Malcolm,  Met.,  Engr.,  Chapman  Valve 
Mfg.  Co.,  Indian  Orchard,  Mass. ;  secretary-treasurer,  E.  L. 
Woods,  Ind.  Engr.,  Springfield  Gas  Light  Company,  Spring- 
field, Mass.,  who.  was  re-elected.  The  members  of  the  execu- 
tive committee  are  R.  J.  Allen,  R.  G.  Robin.son  and  F.  R.  Mat- 
thews. 


TRANSACTIONS    OF 

102  AMERICAN'  SOCIETY  FOR  STEEL    TREATING  July 

SYRACUSE  CHAPTER 

The  Syracuse  Chapter  of  the  American  Society  for  Steel 
Treating  held  a  meeting  on  Friday  evening,  May  25th  at  the 
Uhrig's  Restaurant,  which  was  attended  by  about  75  members 
and  guests.  The  election  of  officers  was  held  at  this  meeting 
which  resulted  in  the  following  elections :  chairman,  F.  C.  Rabb, 
Brown  Lipe  Chapin  Company;  vice-chairman,  F.  A.  Wheeler, 
H.  H.  Franklin  Company,  secretary-treasurer,  R.  L.  Manier, 
Syracuse  Lighting  Company.  The  following  executive  commit- 
tee was  also  elected :  H.  J.  Stagg,  Halcomb  Steel  Company,  R. 
F.  Smith,  E.  F.  Houghton  &  Co.,  E.  V.  Clark,  H.  H.  Franklin 
Company,  J.  C.  Doty,  Halcomb  Steel  Co.,  W.  F.  McNally,  New 
Process  Gear  Corporation. 

The  usual  dinner  was  served  at  the  Yates  Hotel  preceding 
the  meeting. 

TORONTO  CHAPTER 

The  Toronto  chapter  of  the  American  Society  for  Steel  held 
its    regular    monthly   meeting    on    Friday    evening    May   25,    1923. 

The  speaker  for  this  meeting  was  Prof.  O.  W.  Ellis  of  the 
University  of  Toronto,  who  presented  a,  very  capable  and  interest- 
ing paper  entitled  "Some  Mysteries  of  Steel  Treating  Simply 
Explained  for  the  Practical  Steel  Treater."  This  paper  brought 
forth  many  interesting  points  which  proved  to  be  of  decided  value 
to  both  the  technical  and  practical  men  who  had  the  privilege 
of  hearing  Prof.  Ellis'  address.  Following  the  presentation  a! 
lively  and  interesting  discussion   ensued. 

This  meeting  was  the  last  one  on  the  program  for  the  year 
1922-23. 


TRI  CITY  CHAPTER 

The  Tri  City  chapter  of  the  Society  held  its  annual  picnic  at 
Linwood  Resort,  Iowa  Shore  west  of  Davenport.  Saturday  after- 
noon, June  23,   1923. 

This  picnic  was  certainly  a  decided  success,  there  being  the 
largest  turnout  for  such  an  affair  that  had  ever  been  held  by  the 
chapter.  To  be  sure,  the  thermometer  registered  96.  but  all  mem- 
bers were  on  hand  to  enjoy  the  eats,  drinks  and  smokes  furnished 
by  the  chapter's  picnic  committee. 
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One  of  the  main  features  of  the  picnic  was  a  ball  game  be- 
tween the  Metallurgists  headed  by  Put  Putnam  and  the  Tool 
Hardeners  headed  by  C.  U.  Scott.  The  game  was  a  good  one  but 
the  Metallurgists  succumbed  to  the  Tool  Hardeners,  the  score 
being  177  to  176.  Everyone  had  a  most  enjoyable  time  and  are 
looking  forward  to  the  next  picnic  a  year  hence. 

In  addition  to  the  list  of  officers  elected  at  the  meeting  of 
the  chapter,  as  published  in  the  June  issue  of  Transactions,  the 
following  members  will  serve  on  the  executive  committee  for  the 
ensuing  year :  Harold  Brown,  Reynolds  Engineering  Co.,  Moline, 
111.;  C.  H.  Burgston,  Deere  &  Co.,  MoHne,  111.;  R.  A.  Heeschen, 
Zimmerman  Steel  Co.,  Bettendorf,  la. ;  R.  Henry,  Moline  Plow 
Co.,  Tractor  Works,  Rock  Island,  111. ;  J.  F.  Lardner.  Deere  & 
Co.,  Moline,  111.,  and  H.  O.  Koehler,  White  Lily  Mfg.  Co., 
Davenport,  la. 


WASHINGTON  CHAPTER 

The  chapter  held  a  meeting  on  May  25th  at  which  time  the 
election  of  officers  for  the  coming  year  took  place,  the  follow- 
ing members  being  elected :  chairman,  Jerome  Strauss,  vice- 
chairman,  \V.  F,  Graham,  secretary-treasurer,  J.  S.  Vanick.  H. 
J.  French  "was  elected  as  chairman  of  the  Meetings  and  Papers 
committee. 


OBITUARY 

It  is  with  deep  regret  that  we  have  to  report  the  untimely 
death  of  John  Everett  Rogers,  secretary  of  the  A.  Hankey  & 
Co.  Inc.,  of  Rochdale,  Mass.  Mr.  Rogers  died  the  seventh  day 
of  May  and  in  his  death  the  Society  lost  an  enthusiastic  worker 
and  friend. 

Mr.  Rogers  was  one  of  the  early  members  of  the  Steel 
Treating  Research  Society,  and  was  instrumental  in  the  forma- 
tion of  the  Worcester  Chapter,  in  which  he  served  faithfully 
as  Secretary-Treasurer  for  two  years  and  later  as  its  Chairman. 
At  the  Indianapolis  Convention  "J-  E."  was  chairman  of  the 
delegate's  session  and  took  an  active  part  in  the  preparation 
of  the  program. 
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The  enthusiam  Mr.  Rogers  placed  in  his  work,  the  cordial 
good  will  and  ready  assistance  to  all  of  the  members  and  his 


JOHN    E.    ROGERS 


general  capability  endeared  him  to  the  members  of  the  local 
chapter  and  to  all  people  who  were  fortunate  enough  to  have 
come  in  contact  with  him.     He  will  be  missed. 
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ADDRESSES  OF  NEW  MEMBERS  OF  THE  AMERICAN  SOCIETY  FOR 
STEEL  TREATING 

EXPLANATION  OF  ABBRKVIATIOxNS.  M  represents  Member;  A  represents  Associate  Mem- 
ber; S  represents  Sustaining  Member;  J  represents  Junior  Member,  and  Sb  represents  Subscribing 
Member.  The  figure  following  the  letter  shows  the  month  in  which  the  membership  became  effective 

NEW    MEMBERS 

ACKER,   SIDNEY   A.,    (Jr-6),   1428  6th    St.,    S.   E.    Minneapolis,   Minn. 
ADRIANCE,   E.   F.,    (M-5),    173    Santa   Fe   Ave.,   Huntington    Park,    Cal. 
ALLAN,    JAMES,    (M-4),    1115    EI    Molino    St.,    Los    Angeles,    Cal. 
ARDAHL,   EINAR,    (Jr-5),    1907   16th   St.,   Moline,   111. 
ARMOUR,  JAMES  D.,   (M-5),  Union  Drawn  Steel  Co.,  Beaver  Falls,   Pa. 
ARNESS,   W.    B.,    (M-6),   2627    Nicollet    Ave.,    Minneapolis,    Minn. 
ATKINS,    CLARENCE    B.,    (M-6),    129    Woodland    St.,    Bristol,    Conn. 
AUSCHULTZ,    L.    T.,    (M-5),    1019    Blackadore    Ave.    E.,    Pittsburgh,    Pa. 
BAKER,   CHAS.   K.,    (A-6),   70   Mathevvson    St.,    Providence,    R.    I. 
BELLIS,   CLIFFORD  B.,   (M-6),  Blake  &  Valley  Sts.,  New  Haven,   Conn. 
BETTINGER,    H.    B.,     (A-6),    185    Devonshire    St.,    Boston,    Mass. 
BICKNELL,  ARTHUR  B.,    (Jr-5),  2441    13th  Ave.,   Moline,   111. 
THE  BRISTOL  CO.,   (S-6),  Att :  H.  H.  Bristol,  V.  P.,   Waterbury,  Conn. 
CHASE,    RODNEY,    (S-6),    Chase    Metal    Works,    Waterbury.    Conn. 
CLARK,    RICHARD   G.,    (M-6),   New   Departure   Mfg.    Co.,    Bristol    Conn. 
CLARK,   WM.   E.,    (A-6),   Room  2-220  Gen'l.   Motor   Bldg.,   Detroit.   Mich. 
COLE,   WILLARD   W.,    (A-3),    %    So.    California    Iron    &    Steel    Co.,    Los 

Angeles,    Cal. 
COLLINS    CO.,   THE,    (S-6),    Collinsville,   Conn. 

COLWELL,     DONALD    L.,     (M-4),    5312    Pensacola    Ave.,     Chicago,    111. 
COOLEY,   W.   S.,    (M-3),   1156   E.    Calvert   St.,    South    Bend,    Ind. 
CRUM,    B.    M.,    (M-6),    The    Stanley    Works,    New    Britain,    Conn. 
DALEMETER,   VERNON,    (M-5),    Union   Tool    Co.;   Torrance,    Cal. 
DONNELLY,   JAMES   F.,    (M-5),   470    Vanderbilt    Ave.,    Brooklyn,    N.    Y. 
DULEY,  W.   H.,   (A-6),   1732  No.  Adams   Street,   South   Bend,   Ind. 
DUNBRACK,    N.    K..    (M-5),    108    Alder    Street,    Waltham,    Mass. 
EDWARDS,  W.  H.,   (S-5),  Edwards  Iron  Works,  2101  S.  Main  St.,  South 

Bend,    Ind. 
FICK,  JOHN   EDW.,    (M-6),   Timken   Roller   Bear.    Co.,    Canton,   Ohio. 
FURGASON,   CLYDE   A.,    (M-6),   American   Gear    &    Mfg.    Co.,   Jackson, 

Mich. 
FITZHUGH,  JAMES  M.,   (M-3),  %  Lewellyn  Iron  Works,  Torrance,  Cal. 
FROMME,   C.  H.,    (M-4),  635  W.  35   Place,    Los   Angeles,   Cal. 
GEE,    HARRY,    (M-6),    Dodge   Brothers,    Detroit,    Mich. 
GERMOND,    R.    C,    (M-6),    The    Stanley    Works,    New   Britain,    Conn. 
GOEDECKE,   M.,    (A-6),   79   Woodruff   Ave.,   Brooklyn,    N.    Y. 
GOODYEAR.  HARRY  G..    (M-4),  93  Richards  Place,   West  Haven,   Conn. 
GRANGER.    EDW.    G.,    (M-6),    11    Sherman    Street.    Bristol,   Conn. 
HICK,    GEO.    H.,    (M-6),    The    Stanley    Works.    New    Britain,    Conn. 
HULL,  J.   E.,    (M-4),   P.  O.  Box  1318,   Providence,   R.   I. 
HUMPHREYS,    E.    T.,    (S-6),    Seymour    Mfg.    Co.,    Seymour,    Conn. 
HYATT,    M.   v.,    (M-6),    Fleetwood,    Pa. 
IRWIN.  H.  W.,   (Jr-4),  26  Villa  Place,   St.  Thomas,  Ky. 
JACKSON,    J.    MILTON,    (M-2).    1233    Lakewood    Blvd.,    Detroit.    Mich. 
JOHNSON,  JOHN,    (M-6),  The  Whitney  Mfg.  Co..   Hartford,   Conn. 
JOHNSTON,   R.   A.,    (A-3),   Weherall   Bros.    Co.,    Albany   St.,    Cambridge, 

Mass. 
JOHNSON,   WALTER   L.,    (A-5),   420    So.    San    Pedro    St.,    Los    Angeles. 

Cal, 
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KUCHNEL,  A.  W.,  (M-5),  1429  E.  Lombard  St.,  Davenport,  Iowa. 
KYTE.  HERBERT  W..  (M-4),  20  Carnegie  Ave..  East  Orange,  N.  J. 
LANDON,  JUDSON  P.,  (M-5),  72  Hart  Street,  New  Britain,  Conn. 
LANTZ,  WM.  F.,  (M-5),  539  East  North  Street,  Bethlehem,  Pa. 
LARSON,  GODFREY,  (M-12),  618  36th  St.,  Rock  Island,  111. 
LEETES,  ERNEST,  (M-4),  2514  Belvidere  Ave.,  Detroit,  Mich. 
LOWMAN,    M.    C,    (M-3),    General    Petroleum    Corp.,    2525    E.    37th    St., 

Los    Angeles,    Cal. 
THE    MARLIN    FIRE-ARMS    CORP.,    (S-5),    New    Haven,    Conn. 
MARSH,  L.  S.,  (M-5),  Inland  Steel  Co.,  1st  Natl.  Bank  Bldg.,  Chicago,  111 
McCHESNEY,    CHAS.,    (M-4),    1409    Commonwealth    St.,    Allston,    Mass 
MEAD,    E.    A.,    (M-5),    484    Beacon    Street,    Boston,    Mass. 
MOLINE   BODY   CORPN.,    (S-6),   %   Mr.   L.   F.   Sickler,    Moline,   111. 
NUSBAUM,  J.   E.,    (M-5),    1429    E.    Marquette    Rd.,    Chicago,    111. 
PARKER,    FORREST    S.,    (M-6),    Saco-Lowell    Shops,    Lowell,    Mass. 
ROBBINS,   M.  T.,   (M-6),  The   Bellis   Heat   Treat   Co.,   New   Haven,   Conn. 
SCHIELE.    GEO.,    (M-6),    3925    Forest    Ave.,    Norwood,    Cincinnati,    Ohio. 
SCOTT,    CLIFFORD   W.,    (M-4),    1510    1st    Street,    Rock   Island,    111. 
SIMPSON.   HARRY  E.,    (M-6).  266  West    Street.    Bristol.    Conn. 
SOLOVIEFF,    NICHOLAS.     (Jr-5),    Hastings    St.    &    W.    Cherry    Lane, 

Baldwin,   L.  I.,    (N.   Y.) 
STANLEY   WORKS,    (S-6),    New   Britain,    Conn. 
STRATTON,  SAMUEL  S.,   (A-5),  102  Purchase  St..  Boston,  Mass. 
SULLIVAN.    LEO   D.,    (A-2),   4843    Bellevue   Ave.,    Detroit,    Mich. 
TEUBER,   CHAS.   F.,    (A-3),   Peoples  Gas   Lt.   &   Coke   Co..   122   S.   Mich. 

Ave.,   Chicago,   111. 
THELANDER.    C.    A.,    (M-2),   803    2nd    Ave.,    Rockford,   111. 
THOMPSON,    M.    L.,    (Jr-5),    1164    22nd    Street,    Moline,    111. 
THURBER,  ARTHUR  E.,    (M-4),  Oneida  Community  Ltd.,  Oneida.  N.  Y. 
TRANTIN,    JR.    J.,    (M-6),    %    Pettibone-Milliken    Co.,    4710    W.    Division 

St.,    Chicago,   111. 
TUTHILL,   W.  C,    (M-5).   National  Machinery  Company,   Tiffin,   Ohio. 
WAGNER.    JOHN,    (M-1),    614   Genessee    St.,    Flint,    Mich. 
WALKER.   WM.,    (M-6),  91    Coburn    Street,    Lowell,    Mass. 
WEISE,   ALFRED    M.,    (M-6),    19   Wall    Street.    New    Haven,    Conn. 
WETHERBEE,  CHAS.  F.,   (M-6),  Marlin  Fire-Arms  Corpn..   New  Haven, 

Conn. 
WILCOX,    R.    H.,    (A-5),    1482    Lee    Place,    Detroit,    Mich. 
WILLIAMS,    ROBT.    S.,    (M-5),    Mass.    Inst,    of    Technology-,    Cambridge, 

Mass. 
WOODSIDE,    ROBT.    A.,    (Jr-4),    617    13th    Avenue,    Munhall,    Pa. 
ZIMMERMAN    STEEL    CO.,     (S-6),    Bettendorf,    Iowa 
ZINK,    E.    P.,    (M-4),    327    Mt.    Vernon    Ave.,    Detroit,    Mich. 

CHANGES    OF   ADDRESS 

AFFLECK,  G.  S.,  from  278  E.  Canfield  Ave.,  to  %   Dodge  Bros.,   Detroit, 

Mich. 
ANDERSON,    ARVID,    from    Pratt    &   Whitney    Co.,   to   394    New    Britain 

Ave.,    Hartford,    Conn. 
ARCHEA,    WALTER    D.,    from    621    Crown    St..    Cincinnati.    O..    to    2341 

Kenilworth     Ave..     Norwood.     Cincinnati.     Ohio. 
ARTHUR,   WALTER,    from   Texas    Christian    Univ..    Ft.    Worth,    Tex     to 

Reeds,    Mo.  ' 

BECKER.  CHAS.  R.,  from  631  Canton  St.,  to  3030  Collingwood  Ave 
Detroit,    Mich.  ' 

BEDWORTH,  R.  E.,  from  %  Westinghouse  Research  Lab.,  E.  Pittsburgh 
Pa.,  to  Westmghouse  Elec.  &  Mfg.  Co.,  165  Broadway,  New  York,  N.  Y.' 
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BLUMBERG,    HARRY,    from    1424    W.    14th    St.,    Chicago.    111.,    to    2414 

Auer   Ave..   Milwaukee,  Wis. 
BLYTHE,   W..    from    1962  Tuxedo  Ave.,    Detroit,    Mich.,   to   412    Brookside 

Dr..   Birmingham.   Mich. 
BOHNER,   C.   M.,   from  216  Myrtle    Place  to   143   Hall    Street.    Akron,    O. 
BOYLE,    J.    D.,    from    Continental    Motors    Corpns.,    Muskegon,    Mich.,    to 

1131    Newport   Ave.,    Detroit,   Mich. 
BRAY,    H.    M.,    from   324    4th    Avenue,    Pittsburgh,    Pa.,    to    Colonial    Steel 

Co.,  213   West   Lake    Street.    Chicago,    111. 
BRUCE,  Y.  J.,  from  34  Chittenden  Ave.,   Columbus,  O..  to  94  S.   Linwood 

Ave..    Crafton    Branch.    Pittsburgh.   Pa. 
BURROWS,    C.    W..   from    17    Nevada    St.,    Newark,    N.    J.,    to    154   Ogden 

Ave.,  Jersey  City,   N.  J. 
CLARK,  REGINALD,  from  175  Norw^alk  Ave.,  Buffalo.  N.  Y.,  to  Western 

Drop    Forge    Co..    Marion.    Ind. 
COLCORD,   C.  A.,    from   1951    W.   Madison   St.,   Chicago,   111.,   to  623   Lay- 
ton    Ave.,    Cudahy,    Wis. 
COWELL,  W.  T.,  from  1851   Chase  Ave..   Cincinnati.  O..  to  Reed  &  Pren- 
tice   Co.,    Worchester,    Mass. 
GROSSMAN,    L.,    from   285    Main    Street,    Bristol,    Conn.,    to    15    Amherst. 

Springfield,    Mass. 
CROWLEY.   D.  J.,   from  823   Dime  Bank  Bldg.,  Detroit,   Mich.,  to  Wayne, 

Michigan. 
DODGE,    RALPH,    from    810    Park    Ave.,    Syracuse,    N.    Y.,    to    126    Peck 

Ave.,    Syracuse,    N.    Y. 
DOERR.    PAUL    C.    from    54    Meridith    St.,    Springfield,    Mass.,    to    Ken- 
wood   Ave.,    Delmar,     N.    Y. 
GREEMAN.    O.    W.,    from    24    Hendricks    Place    to    1933     College    Ave., 

Indianapolis.    Ind. 
HICKOX,    WILL,    from   743   32nd    Street,    to   661    Jackson    St.,    Milwaukee, 

Wis. 
HILDORF,    WALTER,    from    521    E.    Main    Street    to    532    Park    Lane. 

East    Lansing,    Mich. 
HOBBS.     D.     B..    from    2210    Harvard    Ave.,     to    3790    Archwood     Place, 

Cleveland,    Ohio. 
JACOBUS,     L.    C,     from    Tate    Jones     &    Co.,     Pittsburgh.     Pa.,     to    808 

Beaver    Street,    Sewickley,    Pa. 
JOHNSON,   WM.   R.,    from    134   Juneau    Ave..    Apt.   "C,"    to   142   27th    St., 

Milwaukee,    Wis. 
KURRASH.    C.    A.,    from   9828   Winston    Ave..    Chicago.    III.,    to   92    Peter- 

boro    St.,    Detroit,    Mich. 
LARDNER,    JAMES    F.,    from    John    Deere    Plow    Works    to    1729    11th 

Ave.,  Moline,   III. 
LOEBELL,   H.  O..   from  A.   L.   Doherty   Co.,   24   State   St.,   to  8-10   Bridge 

Street,    New   York   City,    N.    Y. 
LOTTES,     W.    G.,     from     Steel     Expert     Mfg.     Dept.,     International     ?Iar- 

vester  Co.,  Harvester  Bldg.,  Chicago,  111.,  to  213  Lake   Street.   Madison. 

Wis. 
McAMBER.    M.    F.,    from    6340    Douglas    Ave.    E..    to    924    Marvland.    E. 

Liberty   St..    Pittsburgh,    Pa. 
McGAHEY,    W.    E.,    from    105    Highland    Ave.,    Covington,    Va..    to    1104 

145th    St.,    East    Chicago,    Ind. 
McMILLEN,    R.    H..    from    134    Virginia    Ave..    Aspinwall    Sta..    to    1115 

King    Ave.,     Pittsburgh,     Pa. 
MOHR,    E.   J.,    from    1903    Chambers    St.,    to   757    27th    Street,    Milwaukee, 

Wis. 
PENROD.   W.  W..   from  1556   Cohassett   Ave.,    Lakewood.   Ohio,   to  %    In- 
ternational  Harvester   Co..    Milwaukee.   Wia. 
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PERRY,    L.    C,    from    ScuUin    Steel    Co.,    6700    Manchester    Ave.,    to    4950 

Forest    Park    Blvd.,    St.    Louis,    Mo. 
PFEIL,    WALTER   H..    from    Box    1103,    East    Chicago,    Ind..    to    Standard 

Engr.   Co.,   Elwood   City,   Pa. 
RICHARDSON.    G.    A.,     from    Midvale    Steel     Ordnance     Company,     1630 
Widener    Bldg.,   to  27   E.    Springfield   Ave.,    Chestnut    Hill,    Philadelphia, 
Pa. 
RIMBACH,    RICHARD,    from   327    McKee    Place,    Pittsburgh,    Pa.,   to   244 

East  30th   St.,   New  York   City,   N.  Y. 
ROHLAND,    L.    E.,    from    Poldi    Steel    Corp.    of    America,    115    Broadway. 

to    151    Baick    St.,    New    York    City,    N.    Y. 
ROOT,    H.   H.,    from    146   33rd    Street,   Whitestone   Landing,    N.    Y.,   to    126 

Lathrop    Street,    Beverly,    Mass. 
SCHEID,    A.    J.,    Jr..    from    707    Delaware    Street,    Minneapolis,    Minn.,    to 

634   28th    Street,    Milwaukee,   Wis. 
SCHULTZ.    HARRY,    from    728    15th    St.,    S.    E.,    Washington,    D.    C,    to 

1004    Braddock    Ave.,     Swissvale,    Pa. 
SIEGMEIR,    ALBERT,    from    5717    S.    Aberdeen    Street,    to    5837    Mozart 

Street,    Chicago   Lawn    Station,    Chicago,    111. 
STERN AGLE,   C.  A.,   from   Colonial   Steel   Co..  213   W.   Lake   St.,  to   7011 

Chappell    Ave.,    Chicago.    111. 
THOMAS,  C.  P.,  from  1107  Lee  Street  to  910  Vine  Street,  Lansing,  Mich. 
WACKER,  J.  W.,   from  %  Chain  Belt  Co.,  to  Sterling  Tool  &  Mach.  Co., 

Wilwaukee,    Wis. 
WILLIAMS.    D.    R..    from    262    Palace    Theatre    Bldg..    to    610    Sycamore 

St..    Milwaukee,   Wis. 
WOODWARD,   E.   L.,   from  2201    Woolworth   Bldg.,  to   30    Church    Street. 

New    York    Citv,    N.    Y. 
ZIMMERLI,  F.  P.,  from  459  Hancock  W.,  to  1585  Delaware  Ave.,  Detroit, 
Mich. 

MAIL  RETURNED 

GLAB.   PETER,   502  East  Jefferson   Street,   Syracuse,   N.  Y. 

PUSITZ,  L.,   3514  28th   Street,   Detroit,   Mich. 

WARD,    W.    J.,    Union    City,    Pa. 

WOLF,    ERNEST,    Lewis    Institute,     Chicago,    111. 


QUESTION   BOX 

Concluded    from    Page   90 

lines  of  weakness  and  cleavage  planes,  and  consequently  is 
more  economical  in  the  expenditure  of  energy.  High  velocity 
blows  have  just  the  opposite  effect ;  the  plastic  steel  presents 
a  greater  resistance  to  outward  flow,  and  fills  up  the  die  from  a 
smaller  bar  and  with  a  smaller  fin. 

A  word  of  warning  may  be  given  with  regard  to  the  dies. 
The  effect  of  high  velocity  blows  is  likely  to  be  more  local, 
therefore  deep  impressions  should  have  plenty  of  material 
around  them. 


QUESTION  NO.  85.  IVhat  is  the  best  method  of  prevent- 
ing carburicatioii  in  holes,  or  in  the  bore  of  parts  to  be  ease  hard- 
ened? 


TRANSACTIONS 

of  the 

American   Society  for   Steel    Treating 

Vol.  IV  Cleveland,  August,  1923  No.  2 


WAGBS  OR  SALARY 

IT  IS  quite  frequently  stated  that  the  individual  who  receives 
wages  has  only  a  job,  while  he  who  receives  a  salary  is  con- 
sidered to  have  in  his  possession  a  position.  While  the  difference 
between  a  job  and  a  position  is  of  no  degree  of  importance  there 
is  as  a  rule  ([uite  a  wide  and  perceptible  distance  between  wages 
and  salary.  For  instance:  a  brick  layer  at  $18.00  to  $20.00  a  day, 
a  plasterer  at  a  similar  rate  compare  all  to  favorably  with  the 
skilled  graduate  engineer  who  must  by  force  of  circumstance.^ 
and  nonappreciation  on  the  part  of  his  employer  go  along  on  a 
salary  of   $200.00  to  $250.00   a   month. 

\\t  are  always  ready  to  grant  the  truth  of  the  statement  that 
the  metallurgical  profession  is  under  paid.  There  are  several 
prominent  reasons  that  present  themselves  for  this  unfortunate 
and  serious  condition  of  affairs,  the  first  of  which  is  that  metallurgy 
as  a  profession  is  rather  new  and  consequently  those  eni])loyers 
of  the  old  school  are  rather  reluctant  to  grant  the  premises  of  a 
statement  that  a  new  profession  has  risen  that  performs  a  work 
of  fundamental  imjjortance  to  his  plant.  The  second  reason  for 
the  small  amount  of  the  monthly 'pay  check  of  the  metallurgical 
engineer  is  that  the  engineer  himself  has  failed  to  impress  upon 
his  employer  the  importance  and  responsibility  of  the  position 
he    fills. 

On  the  l)Ooks  of  any  maiuifacturing  concern  you  will  find 
listed  productive  men  and  nonproductive  men  and  it  is  unfortunate 
to  obserxe  that  the  metallurgical  engineer  is  placed  on  the  non- 
productive list.  C"onse(|uentl\ .  when  it  is  possible  for  one  of  the 
])roduction  men  to  place  a  chart  before  the  manager  showing  that 
they  have  been  able  to  increase  ]tri)duction  on  certain  machines  50  to 
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75  i)er  cent  it  all  makes  a  very  favorable  and  profound  impres- 
sion upon  the  manager  while  undoubtedly  it  was  not  brought  to 
his  attention  that  the  reason  for  this  splendid  increase  in  the 
efficiency  of  the  machine  was  due  to  the  solving  of  a  problem 
by  the  metallurgical  department. 

We  believe  in  giving  every  man  his  just  dues,  and  we  feel 
(juite  confident  that  the  metallurgical  engineer  has  not  received 
his  just  dues,  and  that  it  is  up  to  the  engineers  themselves  to 
maintain  a  cost  system  in  their  own  department  and  to  charge  up 
as  productive  labor  all  problems  that  are  solved  by  their  depart- 
ment which   in   anyway  add   to   the   efficiency   of    production. 

Too  many  of  our  members  are  accustomed  to  hide  their 
light  under  a  basket,  and  while  shouting  your  own  praises  or 
tooting  your  own  horns  are  conditions  that  do  not  meet  with 
hearty  approval,  -nevertheless  there  are  certain  activities  that  the 
metallurgist  concerns  himself  with  that  should  be  presented  in 
actual  figures  and  facts  before  the  management.  It  is  perfectly 
proper  the  metallurgist  should  receive  a  salary  comparable  in  all 
respects  to  the  the  important  and  responsible  position  he  occupies. 


WHITE  COLLARS 

CONTINUING  the  same  line  of  thought  as  in  the  previous 
article,  a  large  employer  of  labor  recently  stated  his  in- 
a])ility  to  employ  men  for  responsible  positions  in  the  plant, 
while  there  was  ah  over  supply  of  white  collared  youths  -who 
w^ere  willing  to  take  a  clerkship  at  $50.00  a  month  that  oflfered' 
no  possibilities  of  any  great  advancement.  One  would  be  able 
to  ])oint  without  any  strenuous  effort  countless  individuals  who 
ha\e  risen  to  great  prominence  in  the  business  world  who  had 
their  beginning  among  humble  surroundings  and  conditions, 
but  who  realized  their  opportunities  at  that  time,  were  only 
stepping  stones  to  greater  progress. 

One  thing  iliat  can  l)e  said  of  the  metallurgical  profession 
is  that  while  it  has  men  of  the  highest  type  many  with  college 
training,  it  also  has  individuals  who  understand  and  are  willing 
to  shc<l  their  coats  and  buckle  down  to  the  exigencies  of  the 
occasion  in  which  they  find  themselves. 

At    the    recent    close    oj    the    commencement    exercises    of 
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American  colleg^es  and  universities,  30.000  graduates  entered 
into  the  world  of  business.  There  are  those  who  discount  the 
advantage  of  a  college  education,  and  when  one  considers  the 
earning  power  of  a  college  graduate  as  compared  with  a  man 
who  has  learned  a  trade,  there,  is  some  basis  for  doubt.  How- 
ever, all  realize  that  -while  money  is  a  very  desirable  commo- 
dity and  a  necessity  in  all  activities,  nevertheless  it  should 
not  be  the  goal  for  which  one  strives. 

There  is  a  condition  in  living  by  means  of  which  under  the 
most  favorable  circumstances  one  is  permitted  to  enjoy  and  live 
in  harmony  with  everything  around  him,  and  it  is  all  brought 
about  in  a  most  happy  combination  of  conditions.  While  the 
college  trained  man  starts  in  the  race  under  a  handicap  of  less 
practical  experience,  nevertheless,  he  has  a  better  equipped 
mind  and  is  able  to  make  more  rapid  progress  than  the  man 
who  lacks  scholastic  advantages. 

In  this  connection,  the  LeFax  editors  have  made  a  study  of 
the  average  incomes  for  five  years,  of  the  earnings  of  the  Uni- 
versity of  Pennsylvania  graduates  in  which  it  is  shown  that 
the  owner  of  a  business  has  the  largest  income,  and  this  em- 
phasizes an  important  truth  that  the  individual  Avho  usually  o1)- 
tains  the  greatest  wealth  is  the  individual  working  for  himself 
and  not  for  another,  .^^alesmen.  printers  and  life  insurance 
agents,  rank  next  to  the  owners  of  business  as  to  the  amount 
of  renumeration  received  each  year,  while  chemists  and  engi- 
neers are  well  toward  the  bottom  of  the  list,  and  are  listed  ai 
about  $3000.00  per  year.  AX'hile  there  are  no  statistics  on  which 
we  base  any  further  deductions  one  is  inclined  to  believe  that 
as  far  as  it  applied  to  the  metallurgical  engineer,  this  amount  is 
higher  than  the  average  pay  received  1)y  technical  graduates  in 
this  line.  \\'hen  one  realizes  the  great  responsibility  and  oppor- 
tunity for  service  that  is  placed  before  the  metallurgical  profes- 
sion there  is  no  reason  whatever,  why  the  average  income 
should  not  rank  as  high  as  that  of  any  of  the  other  worthwhile 
occu])ations. 

.\n  important  responsibility  rests  on  the  members  of  this 
.'^ociety.  the  pioneers  in  the  metallurgical  industry,  to  so 
diligently  devote  themsehes  to  their  op])ortunities,  to  work 
so  conscientiously  in  all  of  their  undertakings,  and  then  realize 
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that  there  is  no  law  that  forbids  presentations  to  managers  of 
important  accomplishments  in  their  department.  All  this  then 
will  have  a  tendency  to  increase  the  respect  a  nifinager  should 
have  for  worthy  calling  and  at  the  same  time  Iniild  up  a  higher 
standard  of  renumeration  for  work  well  done. 


THE    STORY    OF    A    STEEL    TREATER 

THIS  is  the  story  of  a  steel  treater.  a  true  story,  told  to  show 
how  one  of  the  many,  just  like  you  and  I,  was  able  to 
rise  out  of  his  mediocre  surroundings  and  take  enjoyment  of  that 
which  we  al)   seek — success. 

A  short  few  months  ago  this  man  was  buried  in  a  heat- 
treating  room,  carefully  doing  his  daily  work,  at  $25.00  per.  He 
was  approached  by  one  of  our  enthusiasts  and  asked  to  join  the 
American  Society  for  Steel  Treating.  Ten  dollars  looked  big  to 
him  with  the  family  needing  things,  and  besides  he  had  heard  that 
tliese  Steel  Treaters  were  getting  higJi-brozv  and  that  they  spoke 
a  peculiar  language  at  their  meetings,  that  they  were  "dififerent." 
But.  he  was  made  of  the  right  stufif.  so  he  joined. 

He  had  not  paid  so  much  attention  to  the  "why"  of  his  job 
but  his  first  contact  with  the  Steel  Treaters  showed  him  that  they 
were  discussing  the  "why"  ])art  of  his  own  job.  He  then  recalled 
that  their  talk  sounded  very  much  like  conversations  he  had  over- 
heard at  the  plant  between  the  suj^erintendent  and  the  metallurgist 
from  the  lab,  and  that  frequently,  after  such  talks,  he  was  told  to 
do  things  a  little  differently.  Then  it  dawned  upon  him.  If  a 
fellow  understood  such  things  he  would  get  the  better  jobs.  His 
"big  boss"  was  a  le\cl  headed  business  man  and  surely  there  was 
common   sense  in  the  thing. 

Then  another  thing  came  to  him.  Here  at  these  very  meet- 
ings were  those  same  "high  brows."  even  the  metallurgist  from  the 
lab.  They  were  (juite  human  and  verv  likeable  and  seemed  to 
take  an  interest  in  him.  along  with  the  awakened  interest  in  him- 
self, lie  attended  every  meeting  and  read  the  Transactions  and 
entered  into  the  spirit  of  the  Steel  Treaters  in  full  swing  and  be- 
came  well   acquainted    with   the   metallurgist    from    the    lab.      Then 
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canic  the  opportiinity,  for  which  he  had  unc(»nscii)usly  prepared 
himself,  llis  friend,  the  nietalhir^ist.  you  see  i^ot  around  to  dif- 
ferent ])Iant.s  and  "knew  things."  There  was  an  opening  at  one 
of  the  company's  hranch  i)lants.  They  were  doing  a  big  business 
in  a  quaHty  ])ro(hict  and  were  looking  for  someone  to  work  with 
the  men  and  :-how  •  them  how — but  this  man  must  understand  his 
job,  he  must  know  the  "why,"  or  else  they  could  not  use  him.  'I'lie 
metallurgist  at  the  lab  got  him  the  job. 

Then  comes  the  conclusion.  The  $25.00  was  doubled  at  once ; 
instead  of  a  job.  he  had  a  life's"  work  ;  instead  of  routine  work,  he 
had  diversity;  instead  of  listening  in,  he  was  discussing  things 
with  the  superintendent.  Then  he  was.  given  charge  of  the  shop, 
and  again  his  salary  was  raised.  Xow,  he  and  his  family,  really 
know  what  it  means  to  "get  along"  in  the  world,  to  have  the  associa- 
tion of  fellow  Steel  Treaters  and  the  value  of  finding  out  the 
"why."  He  also  knows  that  he  is  made  of  the  right  stuff  and 
that  success  really  comes  to  those  who  are  prepared  for  it.  And 
he  knows  that  the  American  Society  for  Steel  Treating  helped  him 
prepare,  gave  him  th-  start,  and  then  placed  Opportunity  at  his 
door,  even  as   it  can  do   for  you  and  me. 

5".  L.  H. 


THE   GEORGE   SPOT 

THE  unique  piece  of  research  work  performed  by  Harry  S. 
George  of  the  Union  Carbide  and  Carbon  Laboratories, 
Inc.,  described  in  detail  in  this  issue  of  Transactions,  typifies 
the  inventive  genuous  of  our  American  merallurg'sts.  chemists^  ana 
engineers. 

Through  the  sim])!e  application  of  an  opaque  disk  i^roperly 
placed  in  the  optical  system  of  an  ordinary  bench-type  metallo- 
graphic  microscope,  Mr.  George  has  made  it  possible  to  more 
minutely  and  accurately  study  the  microscopic  structure  of  metals, 
their  grain  boundaries  and  physical  condition,  in  their  true  relation- 
ship to  the  actual  condition  of  the  object. 

While  this  development  seems  a  simple  one  and  one  which 
should  have  been  discovered  long  ago,  ncAcrtheless  it  required 
much    .study    and    concentration    on    the    ]:)art    of    the    author.      It 
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shows  tliat  he  had  thai  fundamental  knowledge  of  the  properties 
of  light  and  lenses  which,  of  course,  would  be  indisi)ensihle  in  a 
research  of  this  nature.  Knowledge  of  the  fundamentals  involved 
in  the  study  of  any  i)rol)lem  is  of  absolute  importance,  otherwise 
the  investigator  simply  stumbles  along  in  the  dark  and  seldom 
arrives  at  any  definite  goal. 

Mr.  George's  "spot"  will  undoubtedly  aid  many  investigators 
in  their  researches  on  the  theory  and  constitution  of  metallic 
alloys  and  the  result  of  the  use  of  this  method  may  cause  several 
changes  in  the  theories  which  have  thus   far  been  advanced. 

Through  the  use  of  conical  illumination  the  work  of  the 
metallographist  will  become  somewhat  more  pleasant  since  it  is 
considerably  more  interesting  and  less  fatiguing  to  view  objects 
in  their  three  dimensions  rather  than  in  only  two  dimensions, 
such  as  is  the  case  in  ordinary  vertical  illumination.  Xonmetallic 
inclusions,  grain  boundaries,  slip  planes,  etc..  can  now  be  studied 
from  a  somewhat  dififerent  point  of  view,  which  should  result 
in  some  worthy  researches  on  this  phase  of  metallurgy. 


ON  TO  PITTSBURGH 

WHEN  keen  minds  get  together,  as  they  will  in  Pittsburgh 
during  the  second  week  in  October,  it  behooves  all  of 
the  members  of  the  A.  S.  S.  T.  to  make  plans  immediately  to 
be  present  at  the  conferences  during  the  Annual  Convention  of 
the  Society.  The  Annual  Convention  and  Exposition  are 
looked  forward  to,  as  making  epochs  in  the  progress  of  the  as- 
sociation, and  in  the  advancement  of  the  arts  and  sciences 
connected  with  the  manufacturer  or  treatment  of  metals. 

The  1500  members  of  the  Society  who  attended  the  con- 
ference last  year,  at  Detroit,  will  need  no  special  urging  or  in- 
ducement to  impress  them  with  the  great  importance  and 
vast  amount  of  valuable  information  that  is  to  be  obtained  by 
attending  a  convention.  It  is  only  to  those  individuals  who 
have  never  attended  an  annual  A.  S.  S.  T.  get-together  that 
there  is  need  to  have  brought  home  very  forcibly  the  great  loss 
that  will  result  to  them  in  not  having;  attended. 


1923  EDITORIALS  113 

In    speaking   of   the   Convention    la>t   year,    the    Iron   Age   re- 
ported : 

"An  unqualihed  success  was  the  general  verdict  of 
those  who  attended  the  fourth  annual  Convention  and 
Exposition  of  the  A.  S.  S.  T.  The  record  made  by  this 
Society,  only  three  years  old,  both  in  technical  papers 
and  in  exhibits,  insures  it  a  place  among  the  leading 
technical  organizations  in  the  country  and  stamps  its 
annual  meeting  as  one  to  the  looked  forward  to  and 
to  be  reckoned  with." 

The  Iron   Trade  Rcvien'  stated : 

"Probably  the  widest  representation  of  the  iron  and 
steel  industry  ever  witnessed  in  this  country  was  as- 
sembled at  the  fourth  annual  Convention  and  Exposition 
of  the  A.  S.  S.  T." 

Chemical  and  Mctallurijieal   Engineering   said : 

"Steel  Treaters  have  done  something  which  is  perhaps 
unparalleled  in  the  history  of  American  technical  socie- 
ties. They  have  held  a  National  Convention  at  which 
40  per  cent  of  their  entire  members  enrolled  was  present. 
They  were  rewarded  by  the  best  meeting  and  exposition 
the  A.  S.   S.  T.  has  ever  had." 

The  chairman  of  the  meetings  and  papers  committee  has 
arranged  in  co-operati(jn  with  the  other  members  of  the  com- 
mittee a  program  of  jjapers,  round  tal)les  and  symposiums  so 
that  this  sessioli  will  mark  a  great  advancement  in  metallur- 
gical knowledge.  AVhile  it  is  true  that  all  the  papers  and  dis- 
cussions will  ])e  ])ri!ited  in  the  Tp.vxsactioxs.  nevertheless  the 
advantage  of  hearing  them  presented  by  the  author,  of  being 
able  to  participate  in  the  discussion  and  to  ask  questions  upon 
points  that  do  not  present  themselves  at  the  time  with  sufficient 
clearness,  all  combined  to  make  hearing  a  paper  tuore  valuable 
than  reading  it. 

The  hearing  of  papers  read  and  discussed,  is  one  of 
the  important  advantages  to  be  obtained  by  attendance,  yet 
the  fact  that  you  are  brought  into  personal  contact  with  the 
leading  metallurgists  and  maufacturing  executives  of  the  coun- 
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try.  is  of  importance.     The  opportunity  to  medt  them   and  (lis 
cuss  with  them   your  problems   adds   to   the   wonderful   advan- 
tages to  be  obtained. 

It  is  needless  to  call  especial  attention  to  the  great  educa- 
tional value  of  the  exhibits.  There  will  be  gathered  together  at 
Motor  Square  Gardens  during  the  week  of  October  8th  Xu  12th, 
the  most  imposing  numl^er  of  leading  experts  in  the  manufactur- 
ing of  metals,  metalrworking  machinery,  supplies  and  appliances 
for  metal  treatment  it  will  ever  be  possible  for  you  to  meet  and 
talk  with  during  the  year. 

\\'hen  you  consider  that  any  problem  you  may  have  could 
quite  easily  be  solved  by  conference  with  any  one  of  these 
highly  specialized  individuals,  and  that  you  have  hundreds 
with  whom  you  may  discuss  your  needs,  you  should  not  hesi- 
tate a  moment  in  making  your  preparations  to  attend  the  Con- 
vention and  Exposition. 

Thousands  are  availing  themselves  of  this  opportunity 
presented  annually  by  your  Society  and  it  is  incumbent  upon 
you  to  realize  that  that  which  is  of  benefit  to  others  would 
certainly  be  of  great  value  to  you.  If  you  have  not  as  y'et 
presented  the  subject  of  your  attendance  at  Pittsburgh  to  the 
executive  in  the  plant,  it  is  time  now  to  j^resent  the  benefit 
that  is  to  be  obtained  by  attending  the  Con\ention  and  Ex- 
position. Not  only  secure  permission  for  your  own  attendance 
but  bring  the  plant  executives  with  you. 

Again  the  railroads  of  the  country  ha\e  granted  fare  and  a 
half  for  the  round  trip,  and  certificates  entitling  members  and 
their  families  to  this  reduction  will  be  mailed  from  the  Society's 
headquarters  about  the  first  of  September.  Members  of  the 
Society  can  write  to  headquarters  and  secure  certificates  for  in- 
dividuals who  plan  to  come  to  Pittsburgh  to  participate  iu  the 
activities  of  the  week. 

A\'hile  the  social  side  of  the  Convention  has  not  been 
emphasised,  you  may  depend  upon  it  that  the  previous  repu- 
tation for  highly  enjoyable  occasions  will  be  continued  at 
Pittsburgh.  The  various  committees  under  the  leadership  of 
j.  Trautman  jr..  are  exerting  themselves  to  the  highest  de- 
gree of  endeavor,  in  order  that  those  who  attend  will  not  only 
enjoy    the    technical    and    inspirational    side    of    the    convention. 
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1)111  will  carry  back  home  with  them  the  idea  that  Pittsburgh 
has  a  real  friendly  ancj  hospitable  spirit.  Not  only  have  they 
made  extensive  preparations  for  the  entertainment  of  the  mem- 
bers and  guests  of  the  Society,  but  they  have  also  made  inter- 
testing  plans  for  the  entertainments  of  the  ladies. 

It  is  really  important  that  you  should  begin  your  plans  at 
once  and  make  your  hotel  reservations  from  the  list  published 
in  this  issue  of  the  'Jransactioxs.  As  a  member  you  should 
extend  a  cordial  invitation  to  attend  to  all  individuals,  whom 
you  feel  would  in  any  way  profit  l)y  the  Convention  and  Ex- 
position. 


HOTEL   RESERVATIONS   FOR  THE  CONVENTION 

In  order  that  our  members  and  guests  may  be  well  taken 
care  of  during  the  time  of  the  annual  convention  in  Pittsburgh, 
October  8  to  12  inclusive,  we  are  again  publishing  the  list  of  the 
hotels  at  Pittsburgh  so  that  you  may  make  your  reservations 
immediately  and  thus  be   sure  of   accommodations. 

In  writing  to  the  hotel  please  state  the  price  and  kind  of  room 
you  wish,  and  request  them  to  acknowledge  your  communication 
confirming  the  reservation  and  price. 

In  case  you  have  difficulty  in  securing  the  accommodations 
you  wish,  a  communication  addressed  to  the  chairman  of  the 
hotels  committee,  R.  E.  Polk,  chief  industrial  engineer.  Equi- 
table Gas  Co.,  Pittsburgh.  Pa.,  will  receive  jirompt  attention. 

List  of  Pittsburgh  Hotels 

William   Penn 

(Headquarters) 

375     Rooms     witli     i)ath,     2     persons.     Rate     $3.50-5.00      eacli 
375     Rooms     with     hath,      1     person,       Rate       4.00-8.00 

Fort  Pitt 

190  Rooms  with     l)ath,     2  persons,  Rate  $2.50-5.00      each 

100  Rooms  without  Ijath,  2  persons,  Rate       2.50                each 

190  Rooms  with     hath.     1  person.  Rate       3.50-9.00 

100  Rooms  witliout  hatli,   1  person,  Rate       3.00 

Hotel  Henry 

12     Rooms     witli     hatli,     4     persons,     Rate     $2.50  each 

12     Rooms     with     hath.     2     persons.     Rate       3.00  cac'" 

24     Rooms     with     halli.     1     person.       Rate       4.00  up 
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WILLIAM     I'LX:.'     JIDTLL 
Convention    Headquarters 


Anderson  Hotel 

20     Rooms     ^\itll     l)ath,     4     persons.     Rate  $2.50 

24     Rooms  without  bath.  4     persons.     Rate  2.00 

10     Rooms  without  bath,  2     persons.     Rate  2.50 

20     Rooms  without  bath.   1     person,       Rate  .100 


each 
each 
each 


General   Forbes 

17  Rooms     with     bath.  4  persons.  Rate 

9  Rooms     witli     bath,  2  persons.  Rate 

24  Rooms  without  1)ath,  2  persons.  Rate 

25  Rooms     with     bath,  1  person.  Rate 

Seventh   Avenue   Hotel 

14  Rooms  witli  bath,  4  persons,  Rate 
10  Rooms  with  bath,  2  persons.  Rate 
20     Rooms  without  bath,  2     persons.     Rate 


$2.00 
3.00 
1.50 
4.00 


each 
each 

each 
up 


S2.50-3.no  each 
2.50-3.00  each 
2.00-2.50       each 
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Pittsburgh   Natatorium 

(For  j^entlemen  only) 
175     Rooms,   witli   swimming  pool,  cots,   1    person,    Kate     $2.00 

Monongahela  House 

10     Rooms     with     bath,     2     persons.     Rate     $3.00  each 

40     Rooms  without  bath,  2     persons.     Rate       2.00  each 

Schenley  Hotel 

5  Rooms     with     jjath,  4  persons.  Rate  $3.00              each 

10  Rooms     with     bath,  2  persons,  Rate  4.00               each 

10  Rooms  without  bath,  2  persons,  Rate  3.00               each 

10  Rooms     with     bath.  1  person.  Rate  7.00 

10  Rooms  without  bath,  1  person.  Rate  4.00 

Rittenhouse   Hotel 

25     Rooms     with     bath,     2     persons,     Rate     $2.00-3.00      each 
20     Rooms     with     bath,     1     person.       Rate       3.00-4.00 

Y.  M.  C.  A.,  East  Liberty 

10     Rooms  without  bath,   1     person.       Rate     $2.00 

Negri  Hotel 

25     Rooms     with     bath,     1     person.       Rate     $3.00 

New  Sixth  Avenue 

15  Rooms     with     ])atli.  2  persons.  Rate  $3.00-4.00      each 

15  Rooms  without  bath,  2  persons.  Rate  2.50-3.00       each 

10  Rooms     with     bath.  1  person,  Rate  3.00 

5  Rooms  without  bath,  1  person.  Rate  2.00-3.00 

Chatham  Hotel 


5 

Rooms 

with     bath. 

4 

persons. 

Rate 

$2.00 

each 

20 

Rooms 

with     bath, 

2 

persons. 

Rate 

3.00-5.00 

each 

20 

Rooms 

without  bath, 

2 

persons, 

Rate 

2.50-3.00 

each 

K-. 

Rooms 

with     bath. 

1 

person. 

Rate 

3.00 

MEMBERSHIP    AND    ATTENDANCE    CONTEST 

TFIE    Menibershi])    and    Attendance    Contest    that    has    been 
in  action  during  the  past  year,  came  to  a  close  on  June  30 
with  the   following  results : 


First     Prize $200.00       Tri    Citv     127.6  % 

Second    Prize    150.00       South     Bend      09.3% 

Third    Prize    100.0(1       Xew    Haven    85.8  % 

Fourth*  Prize    50.00       Cincir.nati      65.5  % 
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The  nearest  to  Cincinnati  was  North  West  with  56.4  per  cent 
and  Syracuse  with  55.5  per  cent.  Tlie  standini^  of  the  other 
cha])ters    in    the    contest    was    as    follows : 


Per 

Cent 

Per 

Ce;it 

Per 

Cent 

5. 

North   West  . 

.   56.4 

9. 

Hartford      .  . 

49.5 

13. 

New   York  . . 

31.7 

6. 

Syracuse     . .  . 

55.5 

10. 

Providence    . 

47.9 

14. 

Washington  . . 

26.2 

7. 

Detroit    

52.8 

11. 

Milwaukee    . 

38.8 

15. 

Cleveland 

25.7 

8. 

Philadelphia    . 

.  49.6 

12. 

17. 

Rockf ord     ,  . 

Pittsburgh  .  . 

.  38.6 
..  18.9 

16. 

Springfield    . 

25.4 

It  is  quite  evident  from  the  number  of  chapters  participating 
in  the  contest  that  it  has  been  very  interesting  and  helpful,  how- 
ever, as  the  contest  progressed  it  was  observed  that  the  smaller 
chapters  had  a  certain  advantage  over  the  larger  chapters,  inasmuch 
as  it  recjuired  a  smaller  number,  not  only  of  new  members  but 
of   those   in   attendance  at  meetings,   to   give   a   higher   percentage. 

\\'hile  in  actual  figures  Detroit  has  had  the  largest  number 
of  new  members  added  to  its  roll  nevertheless  it  had  a  low  per 
cent  of  increase  due  to  the  fact  that  its  increase  was  based  on  a 
larger  original  number.  However,  no  credit  is  to  be  removed 
from  those  chapters  that  have  so  strenuously  persevered  to  the 
goal   throughout   the    entire   year. 

It  is  interesting  to  note  that  the  progress  of  the  Tri  City 
and  South  Bend  chapters  has  not  been  spasmodic  but  has  been 
consistent  throughout  the  year,  and  while  with  New  Haven  and 
Cincinnati  the  growth  has  been  more  or  less  steady,  nevertheless 
both  of  these  chapters  sprang  into  prominence  and  high  position 
toward  the  close  of  the  contest  by  means  of  special  activities  on 
the  part  of  individuals  of  their  chapter  and  their  membership  com- 
mittees. 
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THE  ANNEALING  OF   SHEET   STEEL 
By  Francis  G.  White 

Abstract 

In  this  paper  the  annealing  of  loi\.'-carbon  sheet 
steel  is  discussed  from  the  mill  standpoint,  and  grain 
growth  caused  by  a  slozc  cooling  rate  from  the  annealing 
temperature  is  shozi.'n  in  photomicrographs.  The  com- 
plexify of  sheet  steel  annealing  z>.'ill  be  realized  ivhen  it  is 
recalled  that  at  times  as  many  as  40  tons  of  sheets  are 
placed  in  one  furnace.  The  heat  must  be  driven  through 
en  annealing  cover  and  a  blanket  of  air  or  gas  surround- 
ing the  sJieets,  and  then  equally  distributed  throughout  a 
nuiss  of  steel,  probably  three  or  four  feet  thick.  While 
at  this  temperature  as  much  air  as  possible  must  be  ex- 
cluded and  the  matcricd  cannot-  be  exposed  to  the  air 
until  it  is  cool,  othcrzvise,  severe  scaling  of  the  sheets  re- 
sults. Slow  cooling  from  this  temperature  is  ideal  for 
grain  grozvth.  If  the  sheets  zcere  lieated  to  the  upper 
critical  range  it  would  be  impossible  to  open  them  be- 
cause of  "sticking,"  even  though  the  cooling  time  could 
be  shortened.  Various  furnace  designs,  temperature 
cun'cs,  and  stamping  tests  are  included  in  the  paper  and 
an  outline  of  the  general  pra'cticc  in  one  plant  is  discussed. 

Lntrodl'ctiox 

GENERALLY  speaking  the  requisites  necessary  for  the 
successful  annealing  of  sheet  steel  are,  minimum  grain 
growth,  the  removal  of  rolling  strains,  ease*  of  opening  after 
annealing,  and  a  clear  surface  on  the  sheet.  The  cost  of  ohtain- 
ing  these  qualities  must  of  course  he  no  higher  than  the  trade 
will  stand.  To  the  user  of  sheet  metal  for  stamjjings,  the  anneal- 
ing is  verv  Important.  While  tin  plate  i-^  not  ordinarily  thought 
of    as    a    stamping    steel,    tin    cans    require    douhlc    seaming,    wiiile 


A  paper  to  be  presented  at  the  annual  convention  of  the  Society.  Pitts- 
burgh, Odtobcr  8-12,  1923.  TIic  author,  Francis  G.  White,  is  metallurgical 
engineer  with  the  National  Enameling  and  Stamping  Co.,  Granite  City  Steel 
Works  branch,  Granite  City,  Illinois.  Written  discussion  of  this  paper  is 
invited. 
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the  tops  and  bottoms  are  light  stampings.  Galvanized  sheets 
are  very  seldom  stamped  except  when  tite  coated,  but  the  trade 
seems  to  require  a  soft  sheet  whether  it  is  blue,  black,  galvanized 
or    tinned. 

The  various  types  of  annealing  furnaces,  fuels,  and  methods 
of  handling  sheets  and  boxes  are  discussed.  Certain  annealing 
tests  conducted  by  the  author  involving  furnace  design,  fuels,  etc., 
are  incorporated  in  the   text   of  this  paper. 

Box  AxxEALiXG  Furnaces 

The  fuels  used  may  be  either  oil,  gas,  coal  or  electricity, 
while  the  furnace  type  may  be  the  box,  continuous  box,  or  the 
continuous  muffle.  A  furnace  is  usually  built  for  one  certain  fuel, 
but  probably  with  some  rearrangement  it  could  be  adapted  to  more 
than  one.  The  newer  continuous  box  type  furnaces  are  more 
or  less  in  the  experimental  stage  although  numerous  installations 
are  giving  great  success.  The  old  box  types  are  the  more  -com- 
mon and  are  fired  by  either  oil,  gas,  or  coal.  The  first  two  of 
these  fuels  have  a  tendency  to  burn  the  sheets  rather  than  anneal 
them,  and  the  number  of  stickers  is  cjuite  liable  to  be  more  pro- 
nounced. Two  types  of  box  furnaces  are  shown  in  Figs.  1  and 
2,  and  after  a  trial  on  oil  and  gas  were  finally  fired  with  coal 
screenings  through  automatic  stokers,  with  fairly  good  success. 
Fig.  1,  is  a  side-fired  furnace  while  Fig.  2,  is  rear-fired.  The 
problem  of  heat  distribution  within  these  furnaces  had  to  be 
carefully  studied  before  any  set  annealing  practice  could  be  fol- 
lowed. Sliding  dampers  on  the  flues,  flues  of  various  sizes,  the 
height  of  the  l)ridge  wall  varied,  a  recuperative  bridge  built,  and 
the  benches  redesigned  to  allow  the  circulation  of  draft  below 
the   box,    were    some    of    the    variables    encountered. 

Most  of  the  tests  described  in  this  paper  were  run  using  one 
certain  sized  bottom  and  cover  as  shown  in  Fig.  3,  with  four 
such  boxes  charged  into  each  furnace. 

In  the  furnaces  dcscril)e<l,  it  was  customary  to  pile  the  sheets 
as  high  as  the  cover  would  allow,  this  being  about  42  inches, 
making  the  weight  of  sheets  in  each  box  vary  from  10,000  to 
16,000    pounds,    depending   of    course    on   the    size    of    the    sheets. 
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On  first  thought  it  would  appear  that  a  uniform  temperature 
throughout  the  furnace  would  be  ideal,  but  when  it  conies  to  an- 
nealing many  different  sizes  of  sheets,  a  nonuniformity  is  at  times 
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Fig.  1 — Side-fired  Double  Stoker  Box  Type  Annealing  Furnace. 
Lower  Sketch  is  Section  AA  Showing  Flues.  Upper  Sketch  Half 
Longitudinal   Section. 


advantageous  because  a  heavy  box  of  large  sheets  could  be  placed 
in  the  hottest  jwrtion  of  the  furnace  and  the  lighter  boxes  nearer 
the  door.  The  actual  ])iactice.  involving  temperature  and  time 
will  be  discussed  later  in  this  paper  under  the  heading  of  the 
various  grades  of  steel,  such  as  tin  ])late.  deep  stamping  metal,  etc. 
Pyrometric  equipment  was  installed,  two  thermocouples  in 
the    side-fired    furnaces    and    one    in    the    rear-fired.      Rare    metal 
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cou]iles  were  used  and  an  indicating  instrument  for  the  operator 
with  recording  instruments  in  the  superintendent's  office  were 
supplied.  It  must  be  remembered  tliat  these  instruments  merely 
gi\c   the   roof   temperature   of   the   gases   and    not   the   temperature 


Fig.    2 — Rear-fired    Single    Stoker    Box    Type    Annealing    Furnace.     Lower    Sketch    is 
Section  A^A^,    Showing   Flues.     Upper   Sketch   Half   Longitudinal    Section. 


of  the  steel  within  the  l)ox.  The  relation  of  the  temperature  of 
the  steel  to  the  roof  temperature  was  carefully  determined  on 
several  hundred  boxes.  In  this  annealing,  the  time  element  was 
found  to  be  an  important  factor  to  be  considered,  ]jecau.se  the 
air  space  within  the  cover  is  a  very  poor  conductor  of  heat.  To 
obtain  the  actual  temjieratures  within  the  boxes  by  pyrometers 
requires  quite  an  added  expense  on  routine  work  so  that  when 
a  set  jjractice  was  adopted  this  equi])ment  was  no  longer  used. 
Ry  observing  the  roof  'tem])erature  reading,  and'  a])plying  the 
time  factor,  a  fairly  accurate  figure  for  the  temperature  within 
the  box  could  be  estimated.  L'ig.  4  shows  the  arrangement  of 
the  t.hermocou])les  as  they  were   set   within  the   boxes.     Iron  con- 
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Fig.     3 — Small     Size     Annealing     Cover    and     Bottom     Cover     Weight — 3300     Pounds. 
Bottom  Weight — 3250   Pounds. 


Fig.   4 — Cross   Section  of  Annealing   Box   Showing   Method   and 
Position   of   Inserting   Thermocouples. 


stantan  couples  were  made  up.  each  wire  beinj^  covered  with  clay 
insulators,  and  the  temperatures  read  with  a  potentiometer  type 
pyrometer.  The  longest  couples  were  about  thirty  feet,  being 
used  on  the  back  boxes,  while  the  others  were  shorter.  In  pack- 
ing the  sheets  two  ^-inch  sheet  bars  were  placed  in  the  pile  one 
or  two  inches  apart,  the  bottom  ones  about  ten  inches   from  the 
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bottom  and  the  top  ones  a  similar  distance  from  the  top.  By 
inserting  the  coui)le  so  that  the  junction  was  in  the  middle  of 
the  pile,  then  leading  the  couple  under  the  cover  and  piling  sand 
around  the  bottom,  an  air  seal  was  effected.  The  boxes  were 
then  run  into  the  furnace  and  the  couples  were  lead  out  under 
the  door,  where  they  were  connected  to  a  multiple  point  switch, 
so  that  the  reading  time  was  quite  rapid.  Ordinarily,  the  read- 
ing was  stopped  when  the  temperature  on  all  couples  began  to  fall, 
which  was  often  several  hours  after  the  boxes  had  been  removed 
from  the  furnace.  These  thermocouples  rarely  lasted  over  five 
lieats,  so  for  regular  practice  the  expense  was  far  too  great. 

On  several  occasions  there  was  a  decided  rise  in  the  tempera- 
ture .  readings  several  hours  after  the  boxes  had  been  removed 
from  the  furnace  and  at  a  time  when  the  temperature  curve  showed 
a  uniform  drop  for  several  hours.  This  may  be  a  new  critical 
range  and  always  occurred  around  900  degrees  Fahr.  Xo  further 
discussion  of  this  peculiar  action  will  be  taken  up  in  this  paper, 
because  the  author  has  not  enough  data  at  hand  to  say  much 
about  it.  This  condition  may  look  like  a  pyrometric  misreading, 
as  there  seemed  no  justified  cause  for  it.  While  speaking  of 
temperature  readings  it  might  be  well  to  say,  that  in  all  this  work 
the  cold  end  was  compensated  by  junction  boxes  in  small  wells 
surrounded  by  circulating  water  under  a  constant  temperature  of 
75  degrees  Fahr.,  and  for  roof  temperature  work  rare  metal 
couples  were  used.  While  pyrometers,  without  a  doubt,  are  very 
helpful  to  both  the  annealer  and  the  superintendent,  who  can 
thereby  check  his  work,  there  is  nothing  more  harmful  to  "the 
man  at  the  fire"  than  an  inaccurate  or  unreliable  instrument. 

Furnace   Charging  Methods 

Concerning  the  methods  of  charging  box  annealing  furnaces, 
two  types  might  be  considered.  The  cannon  ball  type,  where 
the  bottom  is  placed  on  several  iron  Isalls  of  about  eight  inches 
in  diameter,  has  a  great  advantage,  inasmuch  as  it  allows  a  greater 
circulation  of  heat  around  or  beneath  the  box.  This  method,  how- 
ever, makes  charging  much  more  difficult  and  is  cjuite  liable  to 
warji  the  bottoms  of  the  boxes.  \\\\tn  benches  are  used,  the 
l)Oxes  are   placed   on   a   jack   or   charging   machine   and   pulled   or 
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pushed  into  the  ftirnace.  Here  the  Ijottoms  are  supported  in 
many  places  and  warping  is  less  common.  The  bottoms  are 
cast   with   fins    which   allow    some   circulation    beneath  «them. 

Continuous    Box-Annealing    Furnace 

Undoubtedly  the  continuous  furnace  has  some  advantages 
over  the  stationary  type,  but  tliere  is  still  the  necessity  of  ex- 
pending a  great  deal  of  heat  in  heating  the  co\-er  and  bottom.. 
At  times  this  dead  weight  may  exceed  the  weight  of  the  sheets 
themselves.  In  this  type  of  fiu"nace  the  box  is  placed  on  a 
continuous  belt  or  chain  and  carried  through  the  furnace.  By 
varying  the  speed  of  the  chain  a  somewhat  better  control  of  heat 
is  obtained  over  the  stationary  type  of  furnace. 

Continuous    Annealing    In    Muffle  AVitiiout    Boxes 

While  the  author  does  not  know  of  anyone  using  a  continuous 
muffle  furnace,  without  the  use  of  covers  or  boxes,  and  in  which 
is  maintained  a  reducing  atmosphere,  nevertheless  such  a  furnace 
has  many  commercial  possibilities.  Fig.  5  shows  the  plan  and 
elevation  of  such  a  furnace.  It  would  eliminate  the  heating  of 
bottoms  and  covers  and  except  for  the  continuous  chain  and  the 
furnace  losses,  all  the.  heat  expended  would  go  directly  into  the 
material  to  be  annealed.  The  sheets  could  be  piled  a  few  inches 
liigh,  instead  of  forty  or  fifty  as  is  common,  thereby  enabling 
the  material  to  pass  through  the  heating  zone  rapidly,  cooling  much 
more  rapidly,  and  cutting  the  annealing  time  from  approximately 
sixteen  hours  to  an  hoiu"  or  two,  or  perhaps  less.  The  tempera- 
ture at  which  the  sheets  would  stick  could  be  obtained  and  then 
the  furnace  temperature  not  allowed  to  run  over  it. 

Stamping  Qualities  of   Sheets 

In  l)ox  work,  it  is  quite  necessary  to  have  an  air-tight  cover 
inasmuch  as  a  leaky  one  will  produce  red  or  black  sheets,  burnt 
edges,  or  dirty  surface.  Lifting  a  cover  too  soon  will  give  some- 
what the  same  effect,  and  numerous  customers  believe  that  a  sheet 
with  well  blued  edges  is  a  sign  that  it  has  been  well  annealed,  while 
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in  reality  every  box  of  steel  could  have  a  blue  edge  if  it  were 
allowed  to  get  the  air  too  soon. 

Steel  sheets  are  frequently  deoxidized  in  annealing,  i.  c 
annealed  in  a  box  in  which  the  entrapped  air  is  displaced  by  a 
nonoxidizing  gas — and  the  resulting  sheets  are  silvery  white, 
with  no  trace  of  scale  on  them.  Such  a  furnace  as  described  would 
merely  make  the  muffle  an  annealing  cover,  and  since  the  cover 
method  will  work  satisfactorily,  the  installation  of  a  conveyer 
in  a  muffle  is  only  a  matter  of  mechanical  arrangement.  The 
blue  annealing  in  an  open  furnace  is  a  good  example  of  ra])id 
annealing,  and  on  tests  on  similar  gage  box-annealed,  the  blue 
annealed   sheets  were  much  softer  and  stamped  better. 

Before  taking  up  the  furnace  curves  and  actual  temperatures 
used  in  these  tests,  the  stamping  qualities  of  sheets  will  be  con- 
sidered. While  softness  is  usually  the  quality  referred  to.  it 
seems  an  inaccurate  way  of  expressing  the  stamping  qualities,  for 
an  over-annealed  sheet,  exhibiting  a  large  grain  structure,  will  be 
dead  soft  if  tested  with  any  type  of  hardness  teiter,  and  a  roiigii 
sheet  will  usually  test  softer  than  a  highly  polished  one.  The 
Erichsen  testing  machine,  which  seems  to  be  the  adopted  standard 
for  stamping  tests,  will  show  the  stamping  qualities  quite  clearly. 
In  operation  this  machine  holds  a  strip  or  square  of  about  three 
inches  in  wickh,  tightly  against  a  die  which  has  a  circular  opening 
in  it  which  is  approximately  one  inch  in  diameter.  A  rounded 
plunger  on  a  screw  is  tightened  up  against  the  sheet  and  when  a 
crack  appears,  the  depth  of  impression  is  read  on  a  gage.  The 
relation  of  the  sheet  thickness  and  the  depth  of  impression  can 
be  compared  to  a  standard  curve  and  expressed  in  percentage  of 
the  standard. 

If  we  cut  a  diagonal  across  a  sheet  and  take  five  or  seven 
readings  across  this  diagonal,  and  then  find  that  the  highest  read- 
ings are  near  the  edges,  then  we  can  say  that  the  .sheet  is  under- 
annealed,  because  the  heat  has  not  had  time  to  penetrate  to  the 
middle  of  the  pack.  If  the  middle  test  gives  the  highest  reading 
and  the  edges  are  low,  then  the  edges  have  been  at  a  high  tem- 
perature for  a  sufificient  length  of  time  to  allow  grain  growth. 
Photomicrographs   have   shown   this   to   be   true. 

Dirtv  sheets,  or  those  with  a  red  surface  or  edges,  have  often 
been    referred    to    as    under-annealed,    because    in    the    stamping 
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operations  the  breakage  runs  high.  Erichsen  tests  on  such  stock 
usually  run  up  to  standard  because  the  machine  runs  quite  lowly 
and.  friction  is  low.  In  rapid  stampings,  this  scale  acts  as  an 
abrasive  on  the  dies  and  in  turn  tears  the  metal.  Therefore,  the 
surface  condition  is  very  important.  A  polished  or  cold  rolled 
sheet  will  stamp  better  than  a  simple  pickled  and  annealed  one. 
Because  of  the  strains  set  up,  cold  rolled  material  is  usually  re- 
annealed,  but  even  then  the  grain  structure  is  poor,  and  the  added 
.stamping  qualities  certainly  relate  to  the  surface.  The  exact  ratio 
of  these  two  factors  is  not  known,  l)ut  the  fact  that  they  are  im- 
portant  seems   quite   evident. 

Chemical  Composition  of  Sheets 

The  chemical  comjxisition  of  the  steel  has  purposely  been 
avoided  up  until  this  time.  This  paper  considers  only  a  low 
carbon  open-hearth  steel  of  about  0.10  per  cent  carbon,  about 
0.035  per  cent  sulphur,  about  0.40  per  cent  manganese  and  phos- 
]:)horus  varying  according  to  the  purpose,  use  and  gage  of  the 
sheet.  Light  gage,  such  as  tin  plate,  will  run  around  0.080  per 
cent  phosphorus  while  heavier  gage  may  run  as  low  as  0.005 
per  cent.  Since  practically  all  stampings  are  made  cold,  and 
phosphorus  imparts  cold-shortness  to  -the  steel,  we  may  say  that 
the  lower  the  phosphorus,  other  things  being  equal,  Ihe  better  the 
steel  for  stamping,  here  again,  there  may  be  an  exception  in  that 
low  phosphorus  will  not  give  the  surface  to  the  finished  sheet,  and 
as  has  already  been  mentioned,  the  surface  is  very  important. 
Also  the  very  low  carbon  or  iron  sheets  do  not  stamp  as  well. 
Xo  study  as  to  the  reason  for  this  has  been  made  as  yet. 

Laboratory    Study    of    Axxealing 

A  steel  having  a  carbon  content  about  0.10  |jer  cent,  would 
have  a  theoretical  annealing  temperature  near  1620  degrees  Fahr. 
If  a  pile  of  sheets  were  heated  to  this  temperature  it  would  re- 
(juire  a  hammer  and  wedge  to  get  them  apart.  Then  too, 
because  of  the  large  mass  of  material  and  the  slo\v  rate  at  which 
it  cools,  there  is  ample  time  for  grain  growth.  Hence,  a  test 
was  made  as  follows.  Six  sheets  were  chosen  with  no  special  at- 
tention gi\en  to  iheir  selection  other  than  to  secure  a  considerable 
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9.05 

.78 

8.95 

.43 

6.35 

.29 

6.10 

14()()°]''. 

1 .  V) 

10.49     1 

.33 

10.71 

94 

9.20 

.78 

8.25 

.43 

7.50 

.31 

6.03 

held  16  hrs. 

.37 

10.55      1 

.31. 

10.35 

94 

8.50 

.77 

7.80 

.43 

7.30 

.29 

6.41 

cooled 

.37 

10.50     1 

.28 

10.10 

93 

8.66 

.42 

7.58 

.31 

6.20 

slowly 

.37 

10.55     1 

.32 

10.40 

92 

9.10 

.42 

7.28 

.31 

6.30 

Average 

10.51 

10.44 

8.90 

8.33 

7.20 

6.21 

Krichscn  Standard 

Deep   Stamping 

Steel 

.37 

10.74     1 

.32 

10.63 

93 

9.67 

.78 

9.  28 

.43 

8.12 

Tin  Plate  Steel... 

.43 

7.65 

.30 

6. ''6 
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Analysis  of  Stee}— Table  I 

StC"l            C.  Mil.  Piins.  Sul. 

A 12  ..iS  .011  .037 

B 12  .34  Oil  .042 

C 12  .31  .017  .047 

D 10  .28  .015  .049 

E -.13  .25  .054  .037 

]•■ 14  .25  .OS'J  .054 


range  in  gage.  Ilie  sheets  were  cut  into  oVo-inch  squares 
and  the  squares  from  each  sheet  thoroughly  shuffled  together  and 
marked.  Five  sqitares  were  taken  from  each  sheet  for  each  ex- 
periment, and  the  sheets  were  prepared  for  annealing  by  packing 
in  a  small  metal  box  and  covered  with  clay  and  fine  sand,  special 
effort  being  made  to  exclude  the  air.  The  box  was  then  placed 
in  a  small  electric  furnace  and  two  annealings  were  made  at 
each  of  the  following  temperatures:  1100,  1200,  1300  and  1400 
degrees  Fahr.  The  first  run  in  each  case  consisted  simply  in 
bringing  the  furnace  to  the  desired  temperature,  and  then  cooling 
it  slowly.  The  second  run  in  each  case  was  conducted  in  the 
same  manner  except  that  when  the  desired  temperature  was 
reached  it  was  maintained  for  a  definite  number  of  hours.  The 
The  furnace  was  so  regulated  that  the  rise  in  temperature  ap- 
proximated 100  degrees  Fahr.  per  hour,  and  the  cooling  at  about 
50  degrees  Fahr.  per  hour.  This  heating  and  cooling  rate  is 
very  similar  to  the  rate  inside  an  annealing  cover.  As  the  tests 
annealed  were  so  small  it  can  be  assumed  that  the  temperature 
within  the  electric  furnace  would  equal  the  actual  temperature  of 
the   samples  annealed. 

After  annealing,  the  squares  were  tested  on  an  Erichsen 
mnchine  and  the  results  tabulated  as  in  Table  1.  A  graphical 
representation  of  the  same  is  shown  in  Fig.  6.  Photomicropraghs 
of  this  test  are  .shown  in  Figs.  7  to  14,  the  first  three  .showing 
some  rolling  strains  while  the  latter  ones  (annealed  at  1300  de- 
grees Fahr.  or  over)  show  grain  growth.  The  Erichsen  graph 
collaborates  this  and  it  seemed  wise  to  carry  on  the  experiment 
in  the  annealing  room  at  1200  to  1300  degrees  Fahr.  This  tem- 
perature would  give  as  good  if  not  better  results  in  stamping, 
and  the  sheets  would  open  quite  easily  after  annealing,  since  the 
lower   temperature   would   be   less   harmful   upon   the    furnace   and 
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covers,    and   since    there    was    a   consideral)le    savinij    of    fuel,  this 

new    practice    reduced    anneahnjj    costs    without    deteriorating  the 
product,    in    fact    in    many   cases    improving   it. 

Mill   Study — Can  .vox    Ball   Type   Furnacl 

In   order  to   further   carry   out   this   test   the  temperature  was 

taken    on   ten    heat-.    cou]:)les    l)e'ng    ])!aced    inside    the    boxes,  and 


c       0       £      F 
Specimens 

Fit?.  6 — Graphical  Representation  of  Data  oi  Table  I. 
^.pccinien  A,  Heated  to  1100  Degrees  Fahr ;  Specimen  H. 
Heated  to  1100  Degrees  Fahr.,  Held  for  16  Hours;  Spe- 
cimen C,  Heated  to  120(!'  Degrees  Fahr.;  Specimen  D, 
Heated  to  1200  Degrees  Fahr.,  held  for  16  Hours;  Spe- 
cimen E,  Heated  to  1300  Degrees  Fahr.;  Specimen  F, 
Hiated  to  1.^00  Degrees  Fahr.,  held  for  16  Hours; 
S.iccimcn  CI,  Heated  to  1400.  Degrees  Fahr;  Specimen 
H.  Heated  to  1400  Degrees  Fahr..  held  for  16  Hours. 
All    Specimens    Cooled    Slowly    after    Heating. 

test  .sheets  Ijeing  taken  out  after  annealing  at  a  distance  of  one 
to  two  inches  from  the  couple.  The  furnace  curves  on  Test  7. 
Table  II  are  .shown  in  Mg.  15.  The  maximum  and  minimum 
tem])erature  of  the  sheets  on  this  ])articular  heat  is  seen  to  b? 
only  40  degrees  I^^ahr.  In  the  study  on  bench  type  furnaces,  i^ 
will  be  seen  that  this  variation  runs  up  to  300  degrees  Fahr. 
which    makes    it    f[uite    im])ossible    to    correctly    anneal    the    whole 
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I"'iK-  "i — Steel  Heated  Slowly  to  IKKJ  Degrees  Falir.  Cooled  slowly  in  Furnace.  Fig. 
S— Steel  Heated  Slowly  to  1100  Degrees  Fahr.,  Held  at  Temperature  18  Hours.  Cooled 
Slowly  in  Furnace.  Fig.  9 — Steel  Heated  Slowly  to  1200  Degrees  Fahr.  Cooled 
Slowly  in  Furnace.  Fig.  10 — Steel  Heated  Slowly  to  1200  Degrees  Fahr.  Held  at 
Temperature  16  Hours.  Cooled  Slowly  in  Furnace.  Fig.  11 — Steel  Heated  Slowly 
to  1300  Degrei^s  Fahr.  Cooled  Slowly  in  Furnace.  Fig.  12 — Steel  Heated  Slowly 
to  l.UJO  Degre.?s  Fahr.  Held  at  Tenuterature  16  Hours.  Cooled  Slowly  in  Furnace. 
Fig.  13 — Steel  Heated  Slowly  to  1400  Degrees  Fahr.  Cooled  Slowly  in  Furnace. 
Fig.  14 — Steel  Heated  Slowly  to  1400  Degrees  Fahr.  Held  at  Temperature  16 
Hours.  Cooled  Slowly  in  Furnace.  Figs.  7-10  Show  a  Fairlv  Fine  Grained  Structure, 
Still  Showing  the  Effect  ot  Straining.  Figs.  U-14  Show  Well  Formed  but  Large 
Grains.     All     P.iotomicrographs     X     100. 
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Table  II 

Erichsen  Test 

Cannon  Ball  Type  Furnace  Q";^ 

Roof  7 " 

Pusi-  Thick-  aver-  Total    Max.     "^  =- 

Test    tion    ness  Erich-  Box       age     Hours    Hours  Time  Temp.  9,^ 

.No.        of        in     Depth   of  impression  in  m.m.      sen  Aver- during   fired    soaked      in           at       j^S 

Sheet  m.m.          diagonally  across  sheet  %  age      firing                                Fur-    couple  o-^ 

in  Box  Time  nace                 ^  3 

1.  A-Top  93  1000  1015  940  1000  1015  102.5  106.3  1834  13^2  8  21J-2  1500  E 
C     "      91     960                 '950  920     97.8  1450 

E     "      87   1000     1050     1090     1105  1070   111.7  Ave.  Top— 104.07c              HOO        C 

B-Bot.   92   1100     1010     1080     1100  1100   111.6  Ave.  Bot.— 109.8%              13^0         E 

D     •'     91    1046     1054     1080     1010  1010  108.0  1350        C 

2.  A-Top    60  1025       980       963      1004  980   113.4   113.4    12           6       18          1440         E 

3                   91   1000     1020     1075     1055  1035   107.5  111.8   1934     lO'i     11       21^     1560        C 

•;0   1020                  1156  1100   113.8  C 

4.  A-Top   80     975     1100     1110     1140  1142   116.9  112.3   lOJo     11       2U2     1-170 

C     ••      89  1055     1030     1060     1030  1015   108.5  1460        C 

B-Bot.   86   1110     1110     1147     1158  1080   118.0  Ave.  Top— 1 12.7%                13";o        C 

D     "     83     975     1060     1060     1025  1065   110.1  Ave.  Bot— 112.0%               1380 

E     •'      79     990     1020       982     1025  1010  108.0  1360        E 

5.  A-Top    80  1030       990     1010.      975  974  106.7  109.3   1813     12           7       19         1480 

C     •'      77   1040     1015       990     1050  995    110.0  1470         E 

E     "      80   1065      1045      1053      1050  1070   113.1  Ave.  Top— 109.9'/i                1460        E 

•  B-Bot.   79     985       956       995     1020  1050  107.5  Ave.  Bot— 107.5% 

6.  A-Top  87  1043  1020  1080  1050  1050  110.1  113.7  1814  12 '2  2  143^2  1380  C 
E-Top  81  1075  1065  '^30  1055  1070  113.8  1380  E 
B-Bot.    76   1020     1045      1030     1053  1080   113.3  Ave.  Top— 1 11.9%               1340 

D     "      80   1085      1115      1100     1140  1140   118.7  Ave.  Bot— 114.8%                1320 

V  "      80  1070     1065     1062     1000  1055   112.4  1310 

7.  A-Top    81     970       925       995       960  '>60   102,7  109.5    1945      10          11        21          1390         C 
C     "      79     970     1050     1012     1052  1018   10^5  1380         C 
!•:     "      75    1015      1000     1010     1000  1010   \()>.S  Ave.  Top— 107.27c               1380 
B-Bot.   80   1055      1075      1015      1046  905    10>.0  Ave.  Bot— 111.8%              1365 

D     •'     78   1075      1000     1010     1031  1040   lll.l  1360         l'. 

!•■      "     77   1050     1085     1086     1046  1070  115   2  1350        C 

8.  A-Top  80  975  965  965  950  970  103.3  107.5  1892  14  T]->2\^2  1475  E 
C     "      77   1010     1028     1005      1025  1000   10). 5  1460 

]•;     "      79   1042     1025       9^*1      1005  1028   10'>.4  Ave.  Top— 107.4%               1450         E 

B-Bot.   80     923       975       985       'J82  995    104.0  Ave.  Bot— 107.67c                1395 

D     "      83    1000     1060     1000     1036  987   107.9  1390 

V  "      82   1060     1034     1060     1050  1000  110.7  1385        C 

9.  A-Top  81  1040  1030  1066  1005  1120  112.3  114.2  l'>75  16  6  22  1425  C 
C  '•  62  1028  1035  10'5  1005  1000  117.6  1410  C 
B-Bot.  65  1040  1030  1054  1040  980  115.6  .\vc.  Top— 114.97„  1380  C 
D  "  61  1030  1030  1041  1060  >'35  116.6  Ave.  Bot— 113.67c  '365  C 
E     "      82  1020     1030     1057     1035  990  10).  2  1350        C 

10.  A-Top  78     985       980       970       985  1025   106.5  1 10  0  1850       8           8       16         1420        E 
C     "      84   1140                  1075  1060   115.5  Ave.  Ti.p- 11  l.O'/c               1415 
B-Bot.  86  1055     1070       962     1038  986  107.0  Ave.  Bot— 107.0%                              !•; 

AVERAGE  FOR  SHEETS- 1 10.4%  :  FOR  TOP  SHEETS— 109.7%:            FOR  BOTTO.M 

SHEETS— 111.0%. 

12  edges  ran  higher  than  centers  and  16  centers  ran  higher  than  edges. 

Location  of  thermocouples  shown  in  Fig.  17.     Erichsen  Standard  for  Stamping  and    Folding   Sheets 

used. 


charge.     The   material   annealed   in  this   test   was   21    and   22-gaj(e 

(!ee])-stani])in^-    steel.      it    aniDuntcd    to    several    hundred    tons    and 
was    followed    through    the    stamping    operations.      The    hreakage 
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was  so  low  that  it  verified  the  Erichsen  test  readings.  On  Test 
I.  Table  II,  the  temperatures  were  taken  for  information  only; 
thereafter  the  annealing  was  done  as  far  as  posgjble  to  conform 
with  the  laboratory  practice.  It  will  be  noted  in  Fig.  15  that  the 
temperature  continues  to  rise  within  the  box  after  the  fire  is  cut 
ofif — because  the  steel  absorb.^  quite  a  lot  of  heat  from  the 
furnace  itself — and  it  took  two  or  three  heats  before  this  rise 
could  be  estimated. 

Test  3,  Table  II,  produced  quite  a  munber  of  red  sheets 
although  the  temperature  was  very  high,  showing  that  red  sheets 
do  not  necessarily  mean  that  the  steel  was  under-annealed.  The 
test  taken  as  a  whole  showed  over-annealing — at  least  as  far 
as  the  temperature  was  concerned.  The  top  sheets  (which  re- 
ceived more  heat  than  the  bottom  ones)  gave  a  slightly  lozvcr 
Erichsen  value  and  the  middle  of  all  sheets  as  compared  to  the 
edges  gave  a  higher  value.  This  would  seem  like  a  very  satis- 
factory check  on  the  work.  In  Fig.  16  the  furnace  temperatures 
were  plotted  against  the  Erichsen  percentage  for  each  thermo- 
couple, and  clearly  show  a  case  of  over-annealing.  Table  11 
is  a   record  of  all   Erichsen  tests,   furnace  temperatures,  etc. 

Mill   Study — Benxh  .\xd   Charging   M.\ciiiXE  Type   Fur.nace 

As  mentioned  earlier  in  this  paper  the  tem])erature  varia- 
tion within  the  box  is  mitch  greater  in  this  type  of  furnace.  In 
Fig.  17  the  inside  temperature  is  plotted  against  the  roof  tem- 
perature and  a  wide  variation  (300  degrees  Fahr. )  was  recorded 
This  furnace  w^as  a  side-fired  one,  with  two  fire  boxes  and  the 
charge  in  all  four  annealing  boxes  was  of  equal  weight  and 
size.  While  the  i-ear-fired,  (one  fire  box-type)  has  even  more 
unequal  heat  distribution,  the  boxes  are  arranged  in  stich  posi- 
tion as  t6  compensate  for  this.  Erichsen  tests  on  this  study  were 
very  similar  (at  equal  temperatures)  to  those  in  the  previous 
study. 

Hand  Fiued  Versus  Stoker  Fired  Furnaces 

It  was  thought  that  a  considerable  saving  in  coal  could  be 
made  by  firing  these  furnaces  by  hand  in  place  of  using  a  me- 
chanical stoker.  Numerous  tests  were  run  on  two  similarly  built 
furnaces,   differing   only   in    the    method   of    firing.      It    was    found 
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Fig.  15 — Cannon  Hall  Type — Single  Stoker  Furnace  Curves  Show  Roof  Temperature 
of  Furnace,  Temperature  in  Pile  Nearest  Fire  and  10  Inches  from  Bottom,  Temperature 
in  rile  Nearest  Fire  anil  10  Inches  from  Tod.  Charge  Contained  IS  Tons  of  Sheets  and 
12    Tons    of    Annealing    Box.     Test    1,    Table    II. 
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Fig.  16 — Relation  of  Maxmiuni  Annealing  Temperature  to  Stamping"  Qualities  ot 
Sheet  Steel  as  Shown,  by  the  Erichsen  Test.  Material  wa§  Deep  Stamping  Steel 
Annealed     in    a     Cannon     Ball     Furnace.      IJata    from    Table     II. 


difficult  to  get  equal  weights  of  similar  size  sheets,  covers  and 
bottoms.  The  nearest  approach  to  this  is  shown  in  Fig.  18. 
It  was  also  deemed  necessary  in  order  to  obtain  a  fair  test,  to 
fire  at  equal  temperatures  an  equal  length  of  time.  The  stoker- 
fired  furnace  burned  3542  pounds  of  coal  to  anneal  46,030 
pounds  of  sheets,  while  the  hand-fired  one  burned  4195  pounds  on 
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Fig.      17 — Bench     Type — Double     Stoker — Side- Fired     Furnace.  Curves     Show      Roof 

Temptrature    of    the    Furnace,    and    tlie    Temperature    of    the    Boxes  Within    the    Furnace. 

Position    of   Couples    Shown    in    Sketch.     Couples    B,    D,    E    and    G  Would    Plot    Between 

C    anl    H    Which    are    the    Maximum    and    Minimum    Temperatures  of    the    Sheets.     Data 
from    Table    II. 


1 

-A-,lA 

<t 

1  iy't 

pp." 

rjei 

^•'4^, 

-<-) 

A 

N^% 

s 

%4 

/' 

A, 

'\> 

'V\^ 

H^r\ 

•wp" 

U^ 

\ 

V 

i 

/ 

•Va 

. 

^- 

^^- 

-J. 

rr- 

»— J 

'~ 

!id"~"i 

~^ 

■-  — 

-- - 

~~.. 

^ 

^/t 

'?! 

*f  -• 

■'I'j. 

£)«" 

'^1 

l.^ 

^ 
^ 

;??r 

^^ 

~^ 

---. 

__ 

'"^- 

^ 

r^ 

<' 
■^C 

^i" 

^ 

^ 

£-^ 

^an' 

""""■ 

-  — 

9, 

I: 

iiS 

'       1   --^ 

^ 

V 

^ 

L-:? 

^ 

r   ' 

/ 

i 

r       4 

■^ 

e 

'  t 

r/mt 

7       / 

7  //< 

7urs 

:    ''• 

?  /. 

'  ' 

i  /i 

7  / 

9     / 

t    e 

0   a 

/    a 

e  i? 

3    S 

/    i' 

S 

Fig.  18 — Hand-Fired  Versus  Stoker-Fired  Furnace,  Showing  the  Results  Obtained 
in  a  Test  to  Check  the  Relative  Economy  of  Each  Type  of  Furnace.  An  Average  of 
All  Tests  Showed  About  an  Equal  Coal  Consumption  on  Each  Furnace  with  Labor 
Considerably    Higher    on    the    Hand-Fired    Type. 

52,755  pounds  of  metal.  An  average  of  all  tests  showed  about  an 
equal  coal  consumption  with  labor  considerably  higher  on  the 
hand-fired  type,  therefore,  the  use  of  stokers  was  continued. 


General    Practice 

The  majority  of  light  gage,  annealed  sheets  are  pickled  in 
sulphuric  acid ;  the  solution  averaging  about  8  per  cent  by  volume. 
If  this  operation  is  done  after  annealing,  it  is  necessary  to  put 
the   sheets  through  a  dryer.     If   it  is   done   before,   the   annealing 
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furnace  is  in  reality  the  drier.  If  the  sheets  are  allowed  to  dry 
before  they  are  covered  and  placed  in  the  furnace,  it  is  difficult 
to  clean  them.  Therefore,  it  is  advisable  to  charge  thetn  into  a 
hot  furnace  at  a  temperature  around  1000  degrees  Fahr.  Slow 
firing  would  undoubtedly  reduce  the  difference  in  temperature 
between    the   top   and   bottom    sheets   but    it    is   perhaps   more    im- 

Table  III 
Temperature  Differences  During  Firing 
.Ml  Bench  Type  Fiirn.Tces  except  No.  2.     Pear-Fired  unless  specified. 
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Temp. 

Temp. 

in 

Firing 
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in 
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F..r- 
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ise  Per 
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D 
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Fahr. 

1. 

1450 

1050 

1542 

1459 

13 

3 

16 

85 

400 

24  Side  Fired 

2. 

1400 

1360 

1846 

1722 

10 

5 

15 

94 

40 

7-Cannon  Ball  'I 

ype 

•;. 

1400 

1290 

1748 

1628 

9 

6 

15 

94 

110 

14 

4! 

1340 

1250 

1565 

1526 

10 

4 

14 

96 

90 

13 

5. 
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1552 

11 

3 

14 

96 

60 

14 

6. 
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1180 

1567 

1525 

mi 

4>2 

16 

81 

120 

23-Side  Fired 

7. 

1280 

1170 

1630 

1563 

9 

4 

13 

100 

110 

13 

8. 

1275 

1115 

1485 

1469 

18 

3 

21 

58 

160 

13 

9. 

1250 

1210 

1446 

1431 

16 

2 

18 

70 

40 

14 

10. 

1250 

1190 

1478 

1453 

10 

1 

13 

96 

60 

14 

11. 
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1480 

1413 

10 

3 

13 

95 

50 

14 
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1483 

15 

.1 

18 

68 

30 

10 

13. 
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1458 

14 

2 

14 

87 

40 

13 

14. 
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1040 

1706 

1540 

6 

4 

10 

120 

160 

24-Sidc  Fired 

15. 

1200 

1020 

1658 

1536 

IU2 

4>2 

16 

75 

180 

23-Side  Fired 

16. 

1200 

1060 

1596 

1517 

IU2 

5  hi 

17 

70 

140 

24-Side  Fired 

AveraKc-  1285 

1173 

1585 

1517 

11.3 

^U 

15   2 

87 
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portant  to  be  able  to  clear  them.  Data  on  sixteen  heats  are  given 
in  Table  III.  The  average  roof  temperature  during  the  firing 
time  was  1590  degrees  Fahr.  and  was  obtained  in  an  average 
of  11  J/2  hours.  The  soaking  period  (which  does  not  figure  in 
this  average )  was  about  4  hours,  after  which  the  doors  of  the 
annealing  furnace  were  opened  and  the  boxes  allowed  to  cool 
for  three  or  four  hours  before  removing.  This  delay  seemed 
necessary  because  of  the  extreme  heat  which  would  work  an 
unnecessary  hardship  on  the  men.  It  has  since  been  found  ad- 
visable to  set  a  maximum  roof  tem])erature  of  1800  degrees 
Fahr.,  and  by  bringing  the  temperature  up  as  rapidly  as  possible, 
the  annealing  time  has  not  been  lengthened.  After  removing 
from  the  furnace,  the  boxes  are  set  on  the  floor  to  cool,  and  the 
covers  are   not   raised   for  30  hours. 

Such    material    as    tin    plates    or    any    full    finish    cold    rolled 

{Continued   on   Page   216) 
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CONICAL  ILLUMINATION  IN  METALLOGRAPHY 

A    New    Method    of    Illuminating    Opaque    Objects    Obliquely 
By  Harry  S.   George 

Abstract 

Conical  illiiiiiination  is  a  iicii.'  iiictlwd  of  liglitiiig 
for  microscopic  c.vaiiiiiiatioii  and  plwtoniicrographv  of 
opaque  objects.  A  more  natural  representation  and  clearer 
insight  into  structural  relatiojiships  are  its  nnirked  advan- 
tages. The  present  article  describes  and  illustrates  the 
inetlwd  in  its  application  to  nictallcgraphy  at  luagnifica- 
tio)is   ranging  from    100  to   40CO  diameters. 

\  BILITY  to  distinguish  and  interpret  metal  structures  is  fun- 
-*-  ^  damtntally  affected  hy  the  method  of  ilhimination.  For  the 
present  purpose,  it  is  hardly  necessary  to  do  more  than  recall  that 
the  methods  heretofore  in  use  are  of  two  distinctly  dift'erent  kinds. 
The  distinguishing  dift'erence  is  that  while  in  one  system,  light  is 
admitted  to  the  oljject  through  the  olijective.  returning  tipon  itself 
throtigh  the  ol)jective  and  being  suitably  deflected  to  the  observer; 
in  the  other  system,  light  is  thrown  on  the  object  from  some  jxiint 
outside  the  objective  and  then  is  reflected  through  the  objective 
to  the  eye.  The  first  system  is  known  as  vertical  or  axial  illu- 
mination and  the  second,  as  ol)lique  ilhimination.  These  two 
methods  have  reached  a  stage  of  almost  complete  development 
and  have  become  so  familiar  to  metallurgists  through  long  use, 
that  an}thing  radical  in  the  way  of  improvement  or  modification 
will  be  greeted  with  at  least  a  degree  of  curiosity  or  even  doubt. 

Metallurgists  become  so  familiar  with  metal  structures  that 
they  perhaps  do  not  realize  that  the  mental  picttu'e  seldom  coin- 
cides with  the  physical  image  in  the  microscope.  The  process 
of  examination  has  ])ecome  second  nature  and  the  observer  is 
not  always  aware  that  he  is  not  actually  seeing  physically  all   that 
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he  visualizes  mentally.  To  take  a  simple  illustration,  a  polishin  \ 
scratch  on  a  polished  metallographic  specimen  apj^ears  under  ver- 
tical illumination  to  he  a  hlack  line  on  a  hritjht  surface.  We  in- 
terpret this  to  mean  that  a  hard  ahrasive  particle  has  plowed  a 
furrow  through  a  yielding  metal  even  though  the  furrow  is  not 
seen.  Again,  a  polygonal  configuration  of  thin  hlack  lines  on  a 
bright  surface  is  the  outlined  cross-section  of  grains  of  meal 
although  few  know  the  nature  of  these  outlines,  whether  a  grain 
boundary  is  a  step  down  from  one  level  to  another,  or  a  ditch 
etched  out  between  grains,  or  a  ridge.  That  which  is  seen  thr mgh 
the  microscope  bears  the  same  relationship  to  the  structure  lint 
a  mechanical  drawing  does  to  the  object  it  represents.  For  exam- 
ple, when  pearlite  is  examined  under  sufficiently  high  power,  sav 
500  or    ICOO   diameters,   the   ])lates   and   globules   of   cementite   ap- 


Fig.    1 — Diagram    of    Path    of    Light    in    Metallographic    Microscope,    Using    Vertical 
Illumination. 


conclcrt.5e 


Fig.     2 — Diagram    of    Path    of    Light    in     Metallographic     Microscope    L'sing    Conical 
Illumination. 


pear  merely  as  outlined  areas  although   their   real  condition   is  one 
of  relief. 

The  reason  why  constituents  are  seen  only  in  outline  under 
^•ertical  illumination  is.  of  course,  that  they  are  illuminated  by 
light  parallel,  or  very  nearly  i)arallel.  to  the  axis  of  the  lens  sys- 
tem, and  as  this  light    falls   nornially   upon   tlie   surface  of   the  oh- 
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Fig.      3 — Device     for     Obtaining     Conical     Illumination.     The     Discs     are     Mounted 
within   a   Wheel  so   that  they  may   be   Readily  Adjusted   in  the   Path  of   Light. 


ject  no  shadows  are  cast  and  very  little  shading  is  manifest.  This 
is  an  unnatural  condition  hut  has  heconie  so  familiar  as  to  seem 
natural.  It  results  from  the  limitations  imposed  by  the  optical 
equipment,  which  necessitate,  in  the  case  of  the  higher  magnifica- 
tions, passing  the  illuminating  beam  of  light  through  the  lens 
system. 

Even  in  the  case  of  the  lower  powers  where  the  working  dis- 
tance is  sufficient  to  permit  light  to  come  to  the  object  obliquely, 
the  effect,  while  instructive  in  that  it  is  open  to  interpretation,  is 
nevertheless,  subject  to  the  criticism,  owing  to  the  extreme  ob- 
liquity of  the  light,  of  l)eing  an  unnatural  representation.  The 
contrast  between  the  appearances  of  a  structure  viewed  by  the 
above  mentioned  systems  of  illumination  is  very  striking  and  is 
too  well  known  to  need  discussion. 

It  would  be  desirable,  then,  to  view  microscopic  objects  in  a 
more  natural  way:  to  see  them  in  relief,  as  one  sees  a  man's 
facial  characteristics.     Furthermore,  as  the  trend  of  practice  seems 
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Fig.    4 — Device    for    Obtaining    Conical    Illumination    Using    an    Auxiliary     Iris    Dia- 
phragm   Mounted    within   a   Wheel    Whose    Center  is   at   the    Optic   Axis. 

to  require  examination  at  higher  magnifications,  any  method  im- 
parting a  natural  appearance  should  be  adapted  to  high  power 
lenses. 

Conical  Illumination  Described 

The  method  described  in  this  paper  is  applicable  to  all  objec- 
tives for  it  is  based  on  the  fact  that  the  objective  itself  is  trans- 
mitting oblique  as  well  as  axial  light  to  and  from  the  object. 
Reference  to  Fig.  1  will  make  this  clear.  The  arrangement  shown 
is  purely  diagrammatic,  the  usual  glass  reflecting  disc,  stellite  mir- 
ror and  eyepiece  being  omitted  for  simplicity.  Also,  of  course, 
in  actual  practice,  the  light  source  is  not  a  point  nor  is  it  sit- 
uated at  the  focal  distance  from  the  condenser.  The  design  of 
the  figure  is  merely  to  show  clearly  the  fact  that  so-called  axial 
illumination  is  really  composed  of  true  axial  light  and.  also,  of 
oblique  light. 

Light  traveling  a])proximately  parallel  to  axis  AA  of  the  lens 
system    (axial    light  i     falls    normally    upon    the    object   and    tnasks 
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Fig.  5 — Photomicrograph  of  Etched,  Complex  Alloy  Under  Conical  Illumination. 
This  Photomicrograph  Shows  the  Same  Field  as  Fig.  5-R  (Opposite  Page),  but,  in 
Photographing,  the  Direction  for  Illumination  for  Fig.  5  was  from  Left  to  Right, 
While  for  Fig.  S-R  it  was  from  Right  to  Left,  (x  4.000,  1.9  mm.  objective,  10.0  x 
eyepiece.) 


D(rec+(or>    oi-      LiqUt 


con.stit"ueof 


Fig.    7 — Sketch    Showing    the    Profile    of    Scratch    (at    AA,    Fig.    5)    Illus- 
trating  Method   of   Determining   Direction  of   Light   LTsed    in    Photographing. 
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Fig.  5-R — Photomicrograph  of  same  Field  as  Fig.  5.  If  Fig.  5  and  Fig.  5-R  are 
Illuminated  by  a  Strong  Light  from  the  Left  Fig.  S-R  Usually  Presents  an  Illusion, 
Making  the  Broad  Light  Areas  Appear  Depressed,  Whereas  in  Reality  They  are 
Elevated  as  Usually  Apparent  in  Fig.  5.  (x  4000,  1.9  mm.  objective,  10.0  x  eyepiece.) 
Fig.   6  on   Next   Page   Shows   the   Same   Field   with    Ordinary   Vertical   Illumination. 

any  relief  effect  produced  by  the  oblique  light.  To  obtain  relief, 
it  i.s  only  necessary  to  stop  out  axial  light.  One  way  of  doing 
this  is  to  place  an  opaque  disc  in  the  illuminating  beam  perpendic- 
ular to  the  axis  AA.  (See  Fig.  2.)  An  image  of  the  disc  is 
formed  near  the  back  lens  of  the  objective,  thus  producing  a  hol- 
low cone  of  light  in  the  objective,  having  its  apex  on  the  object. 
Since  making  this  simple  discovery,  it  has  been  pointed  out 
to  the  writer  that  the  method  is  essentially  similar  to  oblique  il- 
lumination by  means  of  a  substage  condenser  and  stop  in  or- 
dinary   microscopic    work    with    transmitted    light.     With    reflected 
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Fig.   6 — Photomicrograph  of   Same   Area   as   in    Figs.    5    and    5R  Taken   with    Ordinarj 
Vertical    Illumination,      (x    4000,    1.9    mm.    objective,     10.0    x    eyepiece.) 


light  and  vertical  illumination,  the  objective  takes  the  place  of 
the  snbstage  condenser  and  instead  of  placing  a  stop  at  the  back 
lens  of  the  objective,  this  method  virtually  places  one  there  by  the 
expedient  of  locating  the  image  of  one  at  that  point. 

The  disc  is  preferably  placed  slightly  eccentric  so  that  light 
will  fall  upon  the  object  from  one  direction.  The  particular  di- 
rection of  illumination,  as  well  as  the  size  of  the  disc,  is  best 
determined  by  trial   for  each  individual  subject  and  purpose. 

While  in  some  cases  a  definite,  fixed  size  and  position  of  stop 
is  adequate,  yet  in  most  instances  it  is  desirable  to  be  able  to  rap- 
idly change  the   size  of  stop  and  to   rotate  the   direction   of   light. 


1923  CONICAL   ILLUMIXATIOX  147 

For  this  jnirpose,  the  writer  has  had  constructed  the  two  devices 
illustrated  in  Fig.  3  and  4. 

The  contrivance  shown  in  Fig.  3  is  simply  an  assortment  of 
stops  of  different  sizes  mounted  on  the  spokes  of  a  wheel.  As 
the  wheel  is  rotated,  any  stop  can  be  swung  into  position.  The 
arm  on  which  the  wheel  is  mounted  is  pivoted  at  its  base  so  that 
the  entire  appliance  can  be  swung  out  of  the  way.  Any  stop  may 
be  rotated  about  the  optic  axis  by  a  compound  rotary  and  pivotal 
motion  of  the  wheel.  The  shadow  of  the  stop  on  the  tilter  af- 
fords  a   convenient   means   of   noting   its   position. 

The  device  illustrated  in  Fig.  4  serves  the  same  purpose  in 
a  different  way.  It  consists  of  an  auxiliary  iris  diaphragm  mount- 
ed within  a  wheel  whose  center  is  at  the  optic  axis.  The  knurled 
adjusting  nut  controls  the  degree  of  eccentricity  of  the  auxiliary 
iris.  \\'ith  the  microscope  nicely  adjusted,  the  latter  method  is 
more  conveniently  operated  than  the  one  first  described.  More- 
over, it  is  the  more  rugged  in  construction  but  has  the  disadvantage  > 
of  requiring  more  accurate  adjustment  of  the  m'croscope  and  of 
cutting  down  the  amount  of  light. 

Termixologv 

In  the  following,  the  term  conical  oblique  illumination  or 
simply  conical  illumination  will  be  used  to  designate  the  method 
just  described  to  distinguish  it  from  oblique  illumination  as  or- 
dinarily applied.  The  terms  vertical,  normal  and  axial  illumina- 
tion refer  to  so-called  vertical,  that  is.  mixed  axial  and  oblique  il- 
lumination, commonly  obtained  wb.en  the  cbject  is  illuminated 
through  the  objective. 

^Microscopic  Appe.\r.\xces 

Oblique  light  as  ordinarily  ai)plied  is  so  nearly  parallel  lo  t!ic 
surface  of  the  object  that  it  is  not  reflected  from  a  perfectlv  plane 
surface  through  the  objective  to  the  eye  because  the  an-,de  of  : e- 
flection  equals  the  angle  of  incidence.  Consequent  1  v.  plane  sur- 
faces appear  dark  by  ordinary  oblique  illumination  and  bright  bv 
ordinary  vertical  illumination.  Rough  surface-,  depressions,  or 
elevations  for  the  same  reason.  ai)pear  cither  light  or  dark  defend- 
ing on  whether  they  are  viewed  by  ordinary  ol)li(|ue  or  by  ordinarv 
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Fig.  S — Photomicrograph  Under  Conical  lilumination  of  Etched  Chrome- iron 
Alloy,  Showing  Hard  Carbide  Standing  in  Relief  in  Eutectic  Which  Forms  the  Grain 
Boundaries,      (x   250,    16   mm.    objective,    6.4   x   eyepiece.)      Compare    with    Fig.    9. 

vertical  illumination.  In  other  words,  the  view  obtained  by  ordi- 
nary oblique  light  is  the  negative  to  the  positive  appearance  ob- 
tained   from   ordinary   vertical    illumination. 

Conical  oblique  light,  on  the  other  hand,  does  not  give  this 
negative  appearance.  The  rays  of  light  in  this  case  are  more 
nearly  parallel  to  the  optic  axis  and,  therefore,  are  reflected  back 
through  the  objective  from  plane  surfaces,  making  them  appear 
bright,  as  with  so-called  vertical  illumination,  and  imparting  a 
natural   relief  elTect  to   the  appearance. 

Conical  Illumination  Adapted  to  High   Power 

Resolution,  which  is  the  optical  quality  of  differentiating  or 
distinguishing  as  such  two  lines  which  lie  side  by  side,  is  directly 
proportional  to  the  numerical  aperture  of  the  objective.  In  gen- 
eral, the  greater  the  aperture,  the  more  resolution  attainable.  Also, 
the  greater  the  aperture,  the  more  oblique  are  the  outer  rays  in 
the   light   cone,   between   the   objective   and   object.     It   is  also   evi- 
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Fig-.  9 — Photomicrograph  of  the  same  Field  as  Fig.  8,  Also  Unetched.  but  taken 
with  V'ertical  Ilkunination.  Note  absence  of  Rebef  in  Fig.  9.  (x  250,  16  mm. 
objective,    6.4    x    eyepiece.) 


'J&.-T.'.t.^  -%  •■\'^,4'^'--- 


Fig.  ID — Photomicrograpli  of  Unetched  Chrome- Iron  Alloy  of 
High  Carbon  Content  Under  Conical  Illumination  (x  500,  4 
mm.    objective,    6.4    x   eyepiece). 
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Fig.  11 — Photomicrograph  ot  Chrome-Iron  Alloy  Under  Conical  Illumination,  Speci- 
men Unetched,  Structure  Being  Revealed  by  the  Method  of  Lighting  (x  100,  16  mm. 
objective,   6.4   x   eyepiece).      Compare    Fig.    12. 

dent  that  immersion  oil  will  increase  the  ol^liquity  of  the  extreme 
rays  because  its  index  of  refraction  is  greater  than  that  of  air. 
As  the  method  of  conical  illumination  depends  for  its  effects  on 
the  obliquity  of  the  light  passing  through  the  objective,  it  follows 
from  the  above  optical  considerations  that  it  is  particularly  adapted 
to  high   power  work. 

Illustrations    axd    Apparatus 

The  accompanying  micrographs  will  illustrate  the  method  in 
its  application  to  low  and  high  power  objectives.  They  were  taken 
with  a  Bausch  «&  Lomb  inverted  metallurgical  microscope  and 
camera  mounted  on  a  horizontal  bed.  A  Wratten  B  filter  was 
used  in  conjunction  with  a  direct  current  arc  for  illumination. 
Achromatic  objectives  and  Huygenian  eyepieces  were  used  in 
all  cases.     The  photographic  plates  were   standard   orthonon. 

An    Optical    Illusion 

With  few  exceptions  the  micrographs  shown  here,  which  were 
taken  bv  oljlique  conical  illumination  are  orientated  the   same   with 
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Fig.  12 — P'lolomicrograph  of  the  Same  Field  Shown  in  Fig.  11,  but  Under  Vertical 
Illumination.  The  Structure  is  Hardly  Visible  Owing  to  the  Absence  oP  Relief.  (XlOO, 
16.0    m.m.    objective,    6.4    eyepiece.) 

respect  to  the  direction  of  light  used  in  photographing  which  is, 
with  respect  to  these  pages,  downward  from  left  to  right,  at  an 
angle  of  45  degrees.  The  left  side  of  elevations  and  the  right 
side  of  depressions  will  then  appear  bright.  The  sense  of  sight 
is  very  easily  deceived,  however,  and  unless  the  direction  of  light 
used  in  photographing  is  known,  it  is  impossible  to  tell,  in  the 
case  of  unknown  structures,  whether  the  appearance  is  real  or  an 
illusion.  It  will  aid  in  avoiding  the  illusion  if  the  light  used  in 
examining  the  micrographs  be  a  strong  one  and  have  the  same 
direction  as  that  used  in  photographing. 

One  of  the  exceptions  in  orientation  mentioned  above  is  Fig. 
5R  which,  when  compared  with  I'ig.  5  under  a  strong  light  from 
the  upper  left  illustrates  the  illusion*  referred  to.  Under  this  con- 
dition of  lighting  most  observers  see  Fig.  5R  as  the  inverse  of 
Fig.  5.  The  reason  for  this  is  that  while  the  fields  are  orientated 
the  same  the  direction  of  light  was  reversed  in  Fig.  5R.  What 
are  elevations  in  one  seem  to  be  depressions  in  the  other.  Turn- 
ing the  pictures  u])side  down  or  allowing  the  light  to  come  from 
lower  right  usually  inverts  the  appearance  of  both  pictures.     When 
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Fig.     13 — Photomicrograph    oi     Etched     Complex    Alloy     Under     Conical     Illumination 
(x    2000,    1.9    mm.    objective,    6.4    x    eyepiece). 


one  is  familiar  \\\th  a  particular  structure  the  illusion  rarely  oc- 
curs irrespective  of  the  direction  of  light  used  in  photographing 
relative  to  that  illuminating  the  picture.  The  illusion  may  also 
manfiest  itself  while  an  ohject  is  Ijeing  examined  through  the 
microscope,  but  only  rarely  with  known  structures  or  when  a 
known  detail  such  as  a  polishing  scratch  is  visible  in  the  field. 

The  point  to  be  emphasized  in  connection  with  conical  illumi- 
nation is  that  in  interpretation  of  structure,  it  is  dangerous  when 
examining  an  unknown  structure  to  rely  on  appearances.  For 
correct  interpretation,  the  direction  of  illumination  must  be  known. 
The  facts  of  relief  must  then  l^e  deduced.  If  the  appearance  co- 
incides with  the  deduction,  it  is  real.  If  it  does  not,  it  is  an  il- 
lusion. \\'hen  this  process  has  been  applied  to  a  view  which  per- 
sists in  being  an  illusion,  it  will  suddenly  invert  and  present  the 
true  appearance. 
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Fig.    14 — riiotumiduKraiili   (if   the   Same   Field 
(X    200U.     1.9     m.m.    oljjeetive,     6.4    x    eyepiece.) 


Fig.    13    I'nder    X'ertical    Illumination. 


Value  of  Polishing  Scratches 

Because  of  the  foregoing  when  examining  an  unknown  struc- 
ture, if  this  illusion  proves  confusing,  it  is  advisable  to  analyze 
tiie  structure  with  reference  to  a  known  surface  detail  such  as 
a  polishing  scratch.  If  a  scratch  is  large  enough  or  under  sufficient 
magnification  it  serves  as  a  criterion  to  determine  whether  the 
illusion  is  present  Reference  to  Fig.  5  and  7  will  make  clear 
the  use  of  a  scratch  in  determining  the  direction  of  the  light.  l*"ig. 
7  is  a  profile  across  the  scratch  at  AA.  l*'rom  Mg.  5.  it  will  l)e 
seen  that  the  left  side  of  the  scratch  is  darker  tlian  the  right, 
hence  the  light  is  coming  from  left  to  right  as  shown  1)\-  the  ar- 
rows in   l""ig.   7. 

Incidentally,  polishing  scratches  will  he  found  to  be  of  ma- 
terial assistance  in  determining  structural  characteristics,  as  for 
example,  relative  hardness  and  mallcabilily  of  microconstituents. 
This  application  is  brought  out  in  h'ig.  5.  S  and   10. 
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Fig.  15 — Photomicrograph  Under  Conical  Illumination  of  the  same  Field  as  Fig.  5. 
but  at  Lower  Magnification.  Angular  Areas  are  Depressions,  Rounded  Patches  are 
Raised.  The  Inverse  Appearance  is  an  Illusion.  The  Diagonal  Line  is  a  Polishing 
Scratch     (depression),      (x    2000,     L9    mm.    objective,     10    x    eyepiece.) 


Practical  Application 

The  specimen  shown  in  Fig.  10.  is  an  alloy  of  32.0  per 
cent  chromium.  65.0  per  cent  iron  and  3.0  per  cent  carbon,  well 
known  for  its  resistance  to  abrasion  and  its  ability  to  withstand 
oxidation  at  elevated  temperatures.  The  reason  for  the  first  quality, 
as  clearly  shown  in  Fig.  10.  is  the  presence  of  a  very  resistant 
constituent  held  in  a  softer  matrix.  The  hard  constituent  polishes 
in  relief  (the  micrograph  is  of  the  unetched  specimen)  and  even 
resists  the  abrasive  particle  which  made  the  deep  interrupted  diago- 
nal scratch  across  the  field.  Under  vertical  illumination,  merely  a 
faint  tracerv  is  visible  with  no  relief  and  the  specimen  must  be 
etched  to  reveal  the  structure.  After  etching,  the  scratch  is  no 
longer  visible.  Fig.  11  (XlOO  unetched)  illustrates  the  same 
combination  of  hard  and  soft  constituents  but  in  diflferent  pro- 
portions. Fig.  12  is  of  the  same  field  as  Fig.  11.  but  was  taken 
with  ordinary,  so-called  vertical  illumination. 
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Fig.  16 — Photomicrographs  of  1.5  per  cent  Carbon  Steel  Showing  Both  Spheroidized 
and  Lamellar  Pearlite,  under  Oblique  (conical)  Illumination.  Etched  with  5  per  cent 
Picric    Acid    in    Alcohol,      (x    2O0O,    1.9    mm.    objective,    10    x    eyepiece.) 


Mode   of  Discovery 

Another  interesting  feature  attending"  the  use  of  oljlicjue  Hght- 
ing  is  to  be  noted  in  Fig.  11,  namely,  the  apj^earance  in  the  same 
micrograph  of  structural  details  and  nonmetallic  inclusions.  The 
usual  method  of  developing  structural  details  by  etching,  may 
mask  or  obliterate  nonmetallic  inclusions.  In  fact,  it  was  in  an 
effort  to  find  some  means  of  bringing  out  structure  without  ob- 
literating inclusions  that  the  method  described  was  found.  This 
application  is  brought  out  perhaps  even  more  clearly  in  Figs.  8 
and  9  (X250  unetched )  which  are  of  the  same  material  but 
at  a   higher   magnification. 

]\Ietiiod  Illustrated 

Fig.  10  (  X500,  unetched)  has  already  been  referred  to. 
In  this  case,  etching  would  undoubtedly  develop  the  finer  struc- 
tural details  to  a  greater  extent.  It  will  be  noted  in  this  and 
other  examples  that  the  magnification  must  be  j^roperly  chosen  to 
fit  individual   re(|uirements. 

Fig.  13  and  14  (  X2(XX),  etched)  are  of  a  different  ma- 
terial at  higher  magnification,  as  is  also  Fig.   15    (  X2000,  etched). 
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Fig-.  18 — Photomicrographs  showing  Grain  Boundaries  in  Ferrite.  I'his  Figure 
Shows  the  Same  Field  under  Conical  Illumination  from  Four  Directions  as  Indicated 
by    Arrows,      (x    500.    4    mm,    objective,    6.4    x    eyepiece). 

Incidentally,  the  ar.gular  material  in  Fig.  15  has  been  proven,  by 
focussing  measurements,  to  be  actually  deeply  recessed  by  etching. 
This  corroborates  the  evidence  furnished  by  the  scratch  which  runs 
diagonally  across  the  field  in  Fig.  15.  i.e..  the  field  was  lighted 
from  the  left  and.  therefore,  the  light  colored  areas,  whose  west 
slopes  are  lighted  and  whose  east  slopes  are  shaded,  are  pla- 
teaus. Likewise  the  angular  areas,  whose  west  sides  are  shaded 
and  whose  east  sides  are  lighted,  are  hollows,  etched  out. 

Fig.  5.  5R  and  6  (  X4000.  etched )  are  of  the  same  field 
as  Fig.  15  but  at  twice  the  magnification.  Xo  advantage  is  de- 
rived   from    the    higher    magnification.     It    is    apparent,    however, 
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that  magnification  is  no  oI).stacle  to  this  method.  V'v^.  5  and  5R 
have  already  been  discussed,  their  [nirpose  being  to  illustrate  the 
optical  illusion  referred  to. 

Fig.  16  and  17  (X2000,  etched)  illustrate  the  familiar 
structure  of  pearlite  but  tlie  combination  of  lamellar  and  spheroi- 
dal pearlite  in  the  same  field  is  rather  unusual  and  oflfers  a  good 
subject  to  illustrate  the  advantage  of  conical  over  vertical  illumi- 
nation, as  regards  realism  and  attractiveness.  The  appearance 
of  the  iron  carbide,  cementite,  standing  in  relief  (Fig.  16)  sug- 
gests this  method  as  a  means  of  distinguishing  it  from  ferrite  in 
grain  boundaries  instead  of  the  usual  treatment  with  sodium  pic- 
rate. 


Fig.  19 — Photomicrographs  Showing  Slip  Lines  and  Grain  Boundaries  in  Kerrite. 
This  Figure  Shows  the  Same  Field  Under  Conical  Illumination  from  Four  Directions 
as    Indicated     by    Arrows,      (x     1000,     1.9     mm.     objective,     6.4    x    eyepiece.) 
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Fig.  20 — Photomicrographs  of  Ferrite  Grains  under  Conical  likimination  from 
Opposite  Directions  as  Indicated  by  the  Arrows.  Note  "Step"  and  "Ditch''  Types 
of    Grain    Boundaries,      (x    500,    etched,    4.0    mm.    objective,    6.4    x    eyepiece.) 


Grain    Boundaries    Under    Conical    Illumination 

In  the  introductory  remarks  of  this  paper  the  nature 
of  grain  boundaries  was  referred  to.  In  the  case  of  a  pure  metal, 
or  of  a  sohd  sokition,  it  has  been  inferred  by  some  from  focuss- 
ing measurements  that  the  surfaces  of  individual  grains  etch  to 
varying  depths  ov^ing  to  the  differential  existing  between  the 
rates  of  attack  along  different  crystallographic  axes.  From  this 
it  is  commonly  conceded  that  black  lines  representing  grain  bound- 
aries are  really  steps  from  one  grain  level  to  another.  If  this 
needs  corroboration,  it  receives  it  from  examination  of  grain  bound- 
aries under  conical  illumination.  In  Fig.  18  is  shown  the  appear- 
ance of  grains  of  ferrite  etched  with  picric  acid  in  alcohol,  strained 
l)y  compression,  and  magnified X 500  under  conical  illumination.  A 
similar  series,  taken  with  oil  immersion  objective  (XlOOO)  of  a 
different  field,  is  shown  in  Fig.   19. 

The  difference  between  the  photomicrographs  in  Fig.  18  and 
19  illustrates  an  interesting  application  of  conical  illumination 
similar    in    effect    to    that    produced    under    ordinary    oblique    light 
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Fig.  21 — Diagrams  of  Types  nf  Grain  Boundaries  in  Ferrite.  Horizontal  Broken 
Lines  Represent  Original  Polished  Surfaces  before  Etching.  Inchned  Broken  Lines 
Represent  Grain  Boundaries  Below  the  Surfaces.  Solid  Lines  Represent  the  Etched 
Surfaces.     Hatch     Lines     Indicate     Difference     in     Orientation     between     Adjacent     Grains. 

l)y  rotating  the  specimen.  In  the  present  case,  the  direction  of 
ilhimination  was  changed  in  90  degree  steps.  Thus,  in  the  left 
hand  photomicrograph  the  direction  of  the  Hght  for  photographing 
was,  witli  respect  to  these  pages,  horizontally  from  right  to  left; 
that  for  the  upper  photomicrograph  was  vertically  upward :  for 
the  right  hand  photomicrograph  horizontally  from  left  to  right, 
for  the  lower  photomicrograph  vertically  downward.  Knmving 
the  direction  of  illumination,  it  is  easy  to  tell  hy  inspection,  the 
relative  elevations  of  the  grains. 

In   addition   to   corroborating   the   step   theory   of   grain   boun- 
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claries,  several  other  features  are  revealed  by  these  illustrations. 
Referring  to  Fig.  18,  (upper  and  lower  photomicrographs),  the 
short  horizontal  grain  boundary  in  the  top  center  is  evidently  a 
ridge,  for  in  the  upper  photomicrograph,  its  lower  slope  is  lighted 
and  its  upper  is  dark,  while  in  the  lower  photomicrograph,  the 
reverse  is  true.  Furthermore,  the  curving  grain  boundary  in  the 
center  of  the  figure  will  be  seen,  at  its  horizontal  sector,  to  be  a 
combination  of  ridge  and  step.  A  third  type  of  boundary  is  seen 
in  Fig.  19  (right  hand  and  left  hand  photomicrographs).  The 
boundary  between  the  central  and  lower  left  hand  grains  is  evi- 
dendy  a  ditch,  both  grains  being  at  the  same  level.  This  type  is 
more  clearly  shown  in  Fig.  20,  showing  Norway  iron  magnified 
500  diameters.  In  this  pair  of  photomicrographs,  the  particular 
boundary  which  illustrates  the  ditch  t}'pe  is  the  vertical  one  ar 
the  lower  left  of  the  field.  In  the  left  hand  photomicrograph, 
lighted  from  the  right,  the  left  side  of  the  boundary  is  bright, 
while  in  the  right  hand  photomicrograph,  lighted  from  the 
left,  the  right  side  is  bright.  By  the  same  process,  the  parallel 
boundary  in  the  center  is  seen  to  be  a  step,  that  is,  the  left  central 
grain  is  higher  than  the  right  central  grain. 

An  interesting  etching  phenomenon  is  to  be  seen  in  these 
two  micrographs  for  which  no  explanation  seems  satisfactory.  It 
will  be  noted  that  the  left  central  grain  is  pitted  while  its  neighbor, 
at  a  lower  elevation,  is  pebbled.  The  writer  has  observed  this  con- 
dition to  be  consistent,  that  all  grains  which  have  been  etched 
below  their  neighbors  have  pebbled  surfaces  while  the  higher  ones 
are  pitted. 

Without  digressing  too  far  it  may  be  worth  while  to  mention 
some  observations  which  have  been  made  with  the  aid  of  coni- 
cal illumination  on  the  nature  of  grain  boundaries.  These  ob- 
servations by  no  means  clear  up  the  questions  involved  in  this 
connection.  Indeed  they  probably  will  complicate  the  present  hy- 
potheses. For  example,  does  a  ridge  at  a  grain  boundary  indi- 
cate a  more  resistant  material  or  does  it  indicate  deposition  dur- 
ing etching?  And  why  are  ridges  not  evident  at  all  boundaries  (of 
the  same  material)  ? 

Fig.  21  depicts  various  types  of  grain  boundaries  observed 
under  conical  illumination  in  very  mild  steel.  An  attempt  is  made 
bv  dotted  lines  to  reconstruct  the  grains,  as  they  were  before  etch- 
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ing.  and  to  indicate  the  continuation  of  boundaries  below  the  sur- 
face. The  unshaded  portions  represent  metal  removed  by  etching. 
It  is  thought  that  these  sketches  will  be  suggestive  in  themselves 
of  various  po^^sibilities  in  the  way  of   explanation. 

Practical  advantages  of  the  method  suggest  themselves  con- 
tinually, not  the  least  of  which  the  writer  has  found  to  be  the 
sense  of  pleasure  and  lack  of  fatigue  attendant  upon  its  use. 
Without  doubt,  this  is  the  consequence  of  viewing  objects  in  the 
microscopic  held   in  tiieir  natural   relationships. 

In  conclusion,  the  writer  takes  this  opportunity  to  acknowl- 
edge his  indebtedness  to  Dr.  Ancel  St.  John  for  much  helpful 
discussion  and  particularly  for  his  suggestion  of  the  term  "conical 
illumination" ;  likewise  to  Dr.  Thomas  W.  B.  Welsh  for  helpful 
criticism  in  connection  with  the  optical  analysis  of  the  subject; 
also  to  W.  P.  Melville  for  many  suggestions  and  for  the  prints 
which   accompany   this    article. 
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ABNORMAL  GRAIN  GROWTH  IN  COLD  ROLLED  LOW 
CARBON   STEEL 

By  Victor  E.  Hillman  and  Frederick  L.  Coonan 

Abstract 

This  paper  rci'iczcs  the  research  K'ork  cuiidiicted  in 
deteruiining  the  factors  and  eoiiditioiis  causing  abnormal 
grain  groKiJi  in  steel,  resulting  from  annealing  critically 
cold-rolled  loie-carbon  steel.  'I'lie  four  principal 
factors  arc  carbon  content,  critical  strain,  temperature 
and  time.  The  results  shozv  that  a  draft  of  7.?  to  I? 
per  cent  should  be  avoided  in  cold-rolled  steel  used  for 
vital  parts. 

Introduction 

THE  object  of  this  research  was  to  inquire  into  the  under- 
lying principles  governing  crystallization.  The  term  "cry- 
stallization" as  hereinafter  used  refers  to  that  grain  growth 
which  is  disclosed  in  low  carbon  steel  when  the  metal  is  sub- 
jected to  a  certain  degree  of  strain  and  temperature.  In  metal- 
lurgical parlance,  this  phenomenon  is  known  as  "Stead's  brit- 
tleness." 

In  1898.  Stead  discovered  the  presence  of  enormously  large 
grains  in  soft  steel.  He  found  that  if  low  carbon  steel  is  sub- 
jected to  a  definite  strain,  and  subsequently  annealed  at  a  tem- 
perature below  the  Arl  point,  the  ferrite  grains  undergo  a 
marked  crystalline  transformation.  That  is  to  say,  the  adjoin- 
ing ferrite  grains  merge  to  form  a  large  grain.  This  coarse 
structure  is  decidely  detrimental  to  steel,  causing  the  metal  to 
suffer  a  noticeable  decrease  in  its  elastic  limit,  elongation,  re- 
duction of  area,  and  fatigue  resisting  qualities. 

Factors   Affecting   Grain    Growth 

At  the  outset,  it  may  be  well  to  state  that  grain  growth  is 
a    function    of    four    factors ;    namely,    carbon    content,    critical 

A  paper  to  be  presented  before  the  annual  convention  of  the  Society 
to  be  held  in  Pittsburgh,  October  8-12.  1923.  Of  the  authors.  V.  E. 
Hillman  is  metallurgist  and  F.  L.  Coonan  is  assistant  metallurgist  with 
the  Crompton  &  Knowles  Loom  Works,  Worcester.  Mass.  Written  discus- 
sion  of    this   paper   is   jnvitcd. 
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strain,  temperature,  and  time.  Author.s  disaj^ree  to  a  sliglit 
extent  as  to  the  maximum  percentage  of  carb(»n  which  will 
forestall  crystallization.  Some  metallurgists  claim  that  it  can- 
not Ije  developed  in  steel  containing  more  than  0.15  per  cent 
carbon,  while  others  contend  that  the  phenomenon  continues  to 
manifest  itself  until  the  carbon  is  in  excess  of  0.18  per  cent. 
However,  such  suljtle  distinctions  are  merely  of  passing  inter- 
est. 

The  development  of  critical  strain  is  dependent  upon  the 
expenditure  of  energy.  It  is  immaterial  what  agency  is  em- 
ployed. In  fact,  any  force  that  causes  the  ferrite  grains  to  as- 
sume the  same  orientation,  supplies  the  first  requisite  for  grain 
growth.  Therefore,  when  low  carbon  steel  is  cold  rolled,  suffi- 
cient pressure  may  be  exerted  to  produce  critical  strain.  On 
subsequent  annealing,  crystallization  will  result  providing  the 
operation  is  conducted  at  a  specified  temperature  slightly  below 
the  Arl  point.  Hence,  the  aim  and  purpose  of  this  investiga- 
tion was  designed  to  serve  a  triple  purpose;  first,  to  ascertain 
the  degree  of  draft  in  cold  rolling  which  will  produce  critical 
strain,  second,  to  determine  the  temperature  range  in  which 
grain  growth  becomes  apparent,  third,  to  decide  what  influence 
various  percentages  of  carbon  exert  on  the  mechanism  of  grain 
development. 

This  research  required  three  grades  of  basic  open-hearth 
stee\  namely.  COS  per  cent  carbon:  0.10  per  cent  carbnn ;  and 
0.13  per  cent  carbon,  with  the  other  elements  normal.  Previous 
to  the  application  of  cold  work,  the  steel  was  annealed  for  the 
purpose  of  relieving  such  strains  as  might  have  been  induced  as 
a  result  of  hot  rolling. 

Procedure — O.OS  Per  Cent  Carbon   Steel 

A  stri])  of  stock — 1  feet  long  by  6  inches  wide  was  given  a 
pass  through  a  mill  of  the  ordinary  cold  rolling  type.  The 
metal  suffered  a  reduction  in  thickness  of  2  per  cent.  A  test 
specimen  7  inches  long  by  6  inches  wide  was  cut  f)ff  for  ex- 
perimentation. The  remaining  product  was  again  reduced  in 
thickness  3.5  per  cent,  whereupon  another  sample  was  procured. 
This  scheme  of  procedure  was  continued   until   samples   repre- 
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senting-   the   following   reductions    in    thickness   were    obtained ; 
namely : 

Reduction  Reduction  Reduction 

per  cent  per  cent  per  cent 

2.0  IS.O  61.0 

3.5  19.0  66.0 

4.0  21.0  68.0 

5.0  29.0  72.0 

7.5  35.0  75.0 

8.0  40.0  77.0 

10.0  48.0  80.0 

14.0  58.0 

This  method  of  procedure  produced  23  samples  representa- 
tive of  various  degrees  of  cold  work.  It  was  reasonalile  to  as- 
sume, therefore,  that  some  of  the  specimens  had  I)een  critically 
strained.  The  23  specimens  were  annealed  at  1250  degrees 
Fahr.,  for  a  period  of  8  hours.  The  reason  for  selecting  this 
temperature  will  be  hereinafter  noted.  Micro-examination  re- 
vealed full  and  complete  grain  growth  in  the  specimen  which 
received  a  7.5  per  cent  reduction  in  thickness.  In  the  section 
reduced  10  per  cent  a  few  large  crystals  and  a  semi-growth 
were  detected.  The  character  of  the  latter  structure  resembled 
a  transition  stage.  Similar  features  were  observed  in  the  speci- 
mens which  had  received  a  draft  of  14  and  15  per  cent. 

Observations  point  to  the  conclusion  that  as  the  degree  of 
draft  approaches  15  per  cent  there  appear  (at  7.5  per  cent  re- 
duction) very  large  grains,  second,  (at  10  and  14  per  cent  re- 
duction) semi-growth  and  finally,  as  the  strain  exceeds  the 
"critical"  (15  per  cent  reduction)  the  grains  revert  to  the 
characteristic  structure  of  an  anneal  below  the  Arl.  Therefore, 
the  critical  strain  occurred  within  a  reduction  range  of  7.5  to 
15  per  cent  inclusive.  It  is  to  be  noted,  however,  that  the 
maximum  crystalline  growth  occurred  at  7.5  per  cent  reduc- 
tion. 

The  specimens  "vvhich  were  reduced, 

Per  Cent  Per  Cent  Per  Cent 

19  48 

21  58  75 

29  61  77 

35  66  80 

40  72 
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developed  no  increase  in  grain  size.  Hence,  these  specimens 
were  strained  beyond  the  critical  point.  It  might  be  said  that 
they  were  over-strained.  By  the  same  token,  the  specimens 
which  were  given  a  draft  reduction  of  2,  3.5,  4  and  5  per  cent 
may  be  designated  as  understrained,  for  the  reason  that  crystal- 
line growth  did  not  develop  during  the  thermal  treatment. 

Temperature     Range — Productive    of     Crystalline    Growth 

Abnormal  grain  growth  in  critically  strained  steel  is  con- 
fined to  definite  temperature  limits  below  the  Arl  point.  More- 
over, carbon  plays  an  important  role  in  regulating  this  growth- 
producing  temperature  range.  Observations  pointed  to  the  fact 
that  as  the  carbon  content  of  the  steel  approached  0.15  per 
cent  the  temperature  range  in  which  coarse  crystallization  oc- 
curred was  confined  to  narrower  limits. 

For  the  purpose  of  determining  the  extent  of  this  variance, 
three  grades  (0.08.  0.10  and  0.13  per  cent  carbon)  of  critically 
strained  steel  were  annealed  at  the  following  temperatures  for 
8  hours ; 


Degrees  Fahr. 

Degrees  Fahr. 

1150 

1400 

1250 

1450 

1300 

1500 

1350 

In  the  0.08  per  cent  carbon  steel,  a  slight  degree  of  coarse 
crystallization  was  in  evidence  in  the  specimens  annealed  at 
1150  degrees  Fahr.  Complete  growth  occurred  at  1250,  1300, 
1350,  1400  and  1450  degrees  Fahr.,  Avhereas,  at  1500  degrees 
Fahr.,  no  growth  was  discernible.  Therefore,  the  growth-pro- 
ducing range  is  between  1150  and  1450  degrees  Fahr.  for  an 
0.08  per  cent  carbon  steel. 

In  the  0.10  per  cent  carbon  steel,  grain  growth  occurred  at 
1250,  1300,  1350,  1400  and  1450  degrees  Fahr..  whereas  in  the 
0.13  per  cent  carbon  steel,  coarse  crystallization  took  place  at 
1300,  1350,  1400  and  1450  degrees  Fahr.  Hence,  the  growth- 
producing  temperature  range  for  0.10  per  cent  carl)on  steel  lies 
between  1250  and  1450  degrees  Fahr.,  while  on  the  other  hand, 
the  development  range  for  a  0.13  per  cent  carbon  steel  is  be- 
tween 1300  and  1450  degrees  Fahr. 
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Fi{<.  1 — Photomicrograph  of  Annealed  0.03%  Carbon  Steel  Before  Cold  Workmsj 
or  Heat  Treating.  Fig.  2 — Photomicrograoh  of  0.08%  Carbon  Steel  After  a  7  .S% 
Reduction  by  Cold  Work.  Fig.  3 — Photomicrograph  of  a  0.08%  Carbon  Steel  After  a 
Cold  Reduction  of  66%.  Fig.  4 — Photomicrograph  of  0.08%  Carbon  Steel  Annealed  at 
1250  degrees  Fahr.  for  8  hours  after  a  Cold  Reduction  of  7.5%.  This  Enormous  (Irain 
Growth  was  Developed  by  Annealing.  Fig.  5 — Photomicrograph  of  0.08%  Carbon 
Steel  Annealed  for  8  hour's  at  1450  degrees  Fahr.  after  a  Cold  Reduction  of  14%;. 
All    Photomicrographs    X     100. 
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Met  ALLOGRAPH  ic    Observations 

Photomicrograph,  Fig.  1,  shows  a  specimen  of  annealed 
0.08  per  cent  carbon  steel.  It  will  be  noted  that  the  pearlitic 
particles  show  no  evidence  of  cold  work.  Moreover,  the  ferrite 
grains  are  equi-axed. 

Fig.  2  shows  the  effect  of  cold  rolling  a  0.08  per  cent  car- 
bon steel.  The  specimen  received  a  reduction  in  thickness  equi- 
valent to  7.5  per  cent.  This  specimen  was  critically  strained. 
The  elongated  grains  are  especially  noticeable  in  the  pearlitic 
areas.  Note  particularly  the  appearance  of  the  metal  in  the 
"as-rolled"  condition,  free  from  heat  treatment. 

Photomicrograph,  Fig.  3,  shows  the  effect  of  excessive  cold 
work  on  0.08  per  cent  carbon  steel,  in  which  a  reduction  in 
thickness  of  66  per  cent  has  been  effected.  The  highly  strained 
condition  of  the  metal  is  plainly  evident,  the  crystals  being 
elongated  in  the  direction  of  rolling.  The  specimen  has  been 
strained  beyond  the  "critical,"  and  the  crystals  have  assumed  a 
ropey  appearance  resembling  fiber.  Hence,  annealing  within 
the  danger  zone  (1150 — 1450  degrees  Fahr.)  will  not  develop 
crystalline  growth. 

The  microstructure  of  a  0.08  per  cent  carbon  steel  which 
has  been  cold  rolled  to  a  reduction  in  thickness  of  7.5  per  cent 
is  shown  in  Fig.  4.  The  specimen  was  annealed  for  8  hours  at 
1250  degrees  Fahr.  The  photomicrograph  shows  the  enormous 
grain  growth,  which  thermal  treatment  developed.  It  should  be 
borne  in  mind,  however,  that  a  critical  strain  (namely  7.5  per 
cent  draft)  was  a  pre-requisite  to  the  creation  of  this  struc- 
ture. 

Fig.  5  shows  the  microstructure  of  a  0.08  per  cent  carl)on 
steel  cold  rolled  to  a  14  per  cent  draft.  This  specimen  was  an- 
nealed at  the  upper  limit  (1450  degrees  Fahr.)  of  the  danger 
zone  for  8  hours.  The  photomicrograph  (Fig.  5)  shows  a 
transition  stage  in  the  specimen  as  evidenced  by  the  semi- 
growth  of  the  crystals.  They  are  neither  excessively  large 
nor  minute. 

Photomicrograph,  Fig.  6,  is  that  of  a  0.08  per  cent  carbon 
steel  having  had  a  66  per  cent  draft  and  then  annealed  within 
the  hazardous  range,  namely  1250  degrees  Fahr.  for  8  hours. 
It  will  be  observed  that  no  grain  growth  has  taken  place.     This 
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Fig.  6 — Phntomicriigrapli  of  0.08%  Carbon  Steei  Annealed  for  8  hours  at  12.t0 
ilegree.s  Fahr.  After  a  Cold  Reduction  of  66%.  Ferrite  Particles  are  Returning  to 
Normal  while  the  Pearlite  Remains  Elongated.  Fig.  7 — Photomicrograph  of  0.08% 
Carbon  Steel  Annealed  8  hours  after  a  Cold  Reduction  of  7.5%.  Apparently  the  Metal 
has  been  Subjected  to  an  Inequalitv  of  Pressure.  Fig.  S — Photomicrograph  of  0.08% 
Carbon  Steel  Critically  Strained  (14%)  Annealed  at  1500  degrees  Fahr.  for  8  hours. 
Fig.  9— Photomicrograph  of  0.15%  Carbon  Steel  Annealed  at  1250  degrees  Fahr.  after 
a    Cold    Reduction    of    14%.     All    Photomicrographs     X     100. 
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steel  was  annealed  at  a  temperature  wliich  would  ha\  e  de- 
veloped crystalline  t^rowth  if  the  metal  had  been  critically 
strained.  The  only  influence  which  the  thermal  treatment 
exerted  on  this  specimen  was  to  convert  the  elongated  ferrite 
areas  to  their  former  equi-axed  condition.  The  pearlitic  parti- 
cles remain  unaffected.  A  similar  structure  was  observed  in 
sj)ecimens  which  were  reduced  in  thickness  as  follows: 


Per  Cent  Per  Cent  Per  Cent 
19                                                  48 

21  58  75 

29  61  77 

y^^  68  80 

40  72 


Fig.  7  shows  an  interesting  side  light  on  the  develop- 
ment of  crystalline  growth  in  a  0.08  per  cent  carbon  steel  which 
was  reduced  in  thickness  7  per  cent,  and  annealed  at  1250  de- 
grees Fahr.  for  8  hours.  Apparently,  the  metal  has  been  sub- 
jected to  an  inequality  of  presstire. 

The  explanation  of  this  erratic  performance  may  be  attri- 
buted to  the  fact  that  the  force  of  cold  rolling  was  not  suffi- 
ciently uniform  to  cause  all  of  the  grains  to  become  critically 
strained.  It  may  be  remarked  that  where  a  specimen  receives 
a  tapering  deformation,  there  always  exists  a  sharp  line  of  de- 
marcation differentiating  the  critically  strained  from  the  under- 
strained  grains. 

Photomicrograph,  Fig.  8,  shows  a  0.08  per  cent  carbon  steel 
critically  strained  (14  per  cent)  and  annealed  at  1500  degrees 
Fahr.  for  8  hours.  Although  the  metal  has  been  critically 
strained,  crystalline  growth  failed  to  develop  because  the  metal 
\vas  subjected  to  a  temperature  beyond  the  upper  limit  (1450 
degrees  Fahr.)   of  the  hazardous  zone. 

Fig.  9  is  a  photomicrograph  of  a  specimen  of  0.15  per  cent 
carbon  steel  cold  rolled  to  14  per  cent  reduction  in  thickness, 
annealed  at  1250  degrees  Fahr.  for  8  hours.  It  will  be  observed 
that  the  metal  contains  a  relatively  large  percentage  of  pearlite. 
The  presence  of  this  microconstituent  stands  in  the  way  of  the 
ferrite  grains  and  prevents  them  from  merging  to  form  crystal- 
line growth. 
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Conclusions 

In  formulating'  a  summary  of  this  work  it  has  l)een  sub- 
divided into  5  parts. 

I.  The  degree  of  draft  which  will  produce  a  critical 
strain  in  cold  rolled  steel  occurs  when  the  metal  receives  a  re- 
duction in  thickness  of  7.5  to  15  per  cent  inclusive. 

II.  In  critically  strained  cold  rolled  steel  the  growth 
producing  range  is  between   1150  and   1450  degrees  Fahr. 

III.  The  aforementioned  temperature  limits  vary  accord- 
ing to  the  carbon  content  of  the  metal,  namely ; 

Carbon  Temperature 

per  cent  degrees  Fahr. 

0.08  1150-1450 

0.10  1250-1450 

0.13  1300-1450 

IV.  A  draft  of  7.5  to  15  per  cent  should  be  avoided  in 
cold  rolled  steel  which  is  used  for  vital  parts.  This  procedure 
will  prevent  crystalline  growth  in  the  event  that  the  parts  are 
subjected  to  service  temperatures  which  lie  within  the  danger 
zone   (1150  to  1450  degrees  Fahr.). 

V.  Increasing  the  carbon  content  of  the  metal  beyond 
0.18  per  cent  will  efifectively  prevent  crystalline  growth  re- 
gardless of  the  degree  of  strain  or  temperature. 
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CARBURIZATION   OF   STEEL 
By  B.  F.   Shepherd 

Abstract 

This  paper  specifically  studies  the  continued  use  of 
carhurizing  compounds  as  it  affects  the  character  of  the 
case  produced.  Tlie  influence  of  increased  carburizincj 
temperature,  the  efface t  of  time  variation,  the  influence 
of  time  and  temperature  upon  the  character  of  the  case 
and  the  relationship  in  carhurized  and  hardened  chrome- 
ranadiuni  steel  bettk-een'  scleroscope  hardness,  carbon  con- 
tent and  penetrability  as  measured  by  the  Brinell  method 
at  different  cones  in  the  case,  is  studied  in  detail.  Xum- 
crous  curves  and  data  sheets  accompany  this  paper. 

Introduction' 

GARBURIZATIOX.  cementation  or  case-hardening  is  tlie 
term  used  for  any  method  of  increasing  the  carbon  con- 
tent of  a  piece  of  iron  or  steel,  without  mehing  it.  The  action 
takes  place  with  the  greatest  intensity  on  the  surface,  gradually 
forming  an  outer  zone  or  case  which  becomes  wider  as  the  ab- 
sorption of  carbon  continues.  Two  distinct  applications  are  made 
of  this  phenomenon,  one  called  total  cementation,  when  the  piece 
is  completely  changed  to  a  high  carbon  steel,  and  the  other 
partial  cementation.  In  the  latter  case,  the  carburizing  action  is 
checked  or  stopped  when  the  zone  or  case,  is  of  the  desired 
depth  and  carbon  content.  The  former  is  u.sed  for  the  manufac- 
ture of  special  quality  high  carbon  tool  steel  and  the  latter  with 
which  we  are  principally  interested  for  the  heat  treatment  of 
machine  parts,  to  withstand  difficult  service  conditions. 

Historical 

The  first  mention  of  the  carburization  of  iron  or  steel  was 
published  in  the  year  of  1540.  the  method  described,  consisting  in 
heating  billets  of   soft  iron    for  a   long   period   of   time  in   molten 
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cast    iron.      'Jlic    suit    iron,    being   nuicli    lower    in    carl)on    content 
than   the   cast   iron,   absorbed   carbon    from   it. 

In  the  sixteenth  centnry  many  processes  were  used  for  the 
snperficial  or  snrface  hardening  of  finshed  objects.  During  this 
superficial  or  surface  hardening  of  finished  objects.  During  this 
was  later  forged  to  shape.  The  'secret  formulas'  for  these  pro- 
cesses were  handed  down  from  father  to  son,  and  it  was  not  until 
1720  that  the  French  scientist  Reaumer  made  a  scientific  in- 
vestigation of  the  process.  In  1740,  Benjamin  Huntsman  melted 
in  a  crucible,  Swedish  bar  iron  which  had  been  increased  in  carbon 
by  cementation,  and  produced  a  high  grade  steel.  Other  methods 
of  manufacturing  steel  at  lower  prices  gradually  forced  this  pro- 
cess from  the  market,  but  it  is  still  tised  in  a  very  small  extent 
in  England. 

General 

Owing  to  the  difficult  service  requirements  to  be  met  by  modern 
machinery,  the  use  of  case-carburizing  as  a  method  of  heat  treat- 
ment has  increased  very  materially.  The  process  creates  a  steel 
capable  of  being  made  extremely  hard  and  wear-resistant  on  the 
otitside  and  having  a  strong,  tough,  inner  portion  or  core.  This 
type  of  structure  is  suitable  for  parts  which  are  required  to  stand 
considerable  shock  and  friction.  Parts  which  are  required  to  be 
hardened  only  on  portions  of  the  total  area  may  be  rough  machined 
and  carburized  and  the  higher  carbon  regions  removed,  by  machin- 
ing it  from  the  areas  which  are  desired  soft.  The  added  advantage 
of  being  able  to  machine  a  softer  and  cheaper  material  and  subse- 
quently making  it  surface  hard  by  carburizing,  materially  lessens  the 
cost  of  the  part.  Engineers  often  lose  sight  of  the  problems  en- 
countered in  the  heat  treating  department  and  design  parts  of 
complicated  form  which  are  to  be  hardened  on  the  surface.  If 
these  parts  are  made  of  high  carbon  tool  steel,  the  hardening 
operation  usually  becomes  hazardous  due  to  the  tendency  of 
complicated  sections  to  crack  during  the  quenching  operation. 
The  use  of  a  carburizing  steel  makes  the  operation  less  hazardous 
from  the  standpoint  of  tool  breakage. 

Carburization  depends  upon  the  ability  of  iron  and  steel  to 
absorb  carbon  when  heated  in  contact  with  a  carbonaceous  ma- 
terial.     The    primary    factors    which    influence    the    results    are. 
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the  length  of  time  the  piece  is  exposed  to  the  temperature,  the 
temperature,  the  carburizing  material,  and  the  composition  of 
the  steel.  As  a  general  rule,  the  higher  the  temperature  and 
the  longer  the  time,  the  deeper  will  be  the  case. 

The  carburizing  steels  in  general  use  are  selected  according 
to  the  service  requirements  of  the  parts  which  are  to  be  made 
from  them.  The  selection  of  these  steels  should  be  studied  very 
carefully.  The  carburizing  process  cannot  remove  imperfections, 
irregularities  or  faults  in  the  steel.  It  will  magnify  them.  As  a 
general  rule  parts  should  not  be  made  of  a  carburizing  steel  if  it 
is  possible  to  obtain  satisfactory  service  from  an  oil  or  water 
hardening  steel  properly  heat  treated.  The  equipment  needed 
for  the  carburizing  operation,  the  materials  used,  the  time  con- 
sumed and  the  careful  supervision  required  cause  a  heavy  labor 
and  overhead  charge  resulting  in  an  increased  cost  of  the  finished 
part. 

The  type  of  steel,  the  heat  treatment  which  the  part  is  to 
receive,  and  the  machineability  of  the  steel  are  of  considerable 
importance.  Several  well  known  types  of  steel  should  be  adopted 
as  standard.  It  is  usually  desirable  that  these  should  confomi 
to  the  specifications  of  societies  such  as  the  Society  of  Automotive 
Engineers  and  the  American  Society  for  Testing  Materials.  In 
some  special  cases  it  may  be  necessary  to  specify  a  special 
analysis  steel,  but  adherence  to  a  few  standard  steels  will  result 
in  better  service  from  the  steel  manufacturer  when  business  is 
booming  and  steel  is  hard  to  obtain.  It  also  means  that  less  steel 
will  be  required  for  stock  purposes  as  the  sizes  for  the  various 
parts  will  duplicate  and  a  smaller  quantity  in  stock  will  meet  all 
demands.  A  better  knowledge  of  methods  of  handling  in  the 
heat  treating  department  will  result,  as  familiarity  with  certain 
well  known  types  increases. 

Each  type  of  steel  should  be  procured  from  several  manu- 
facturers, and  after  experience  has  shown  the  quality  which 
each  has  furnished  they  should  be  graded  and  purchased  ac- 
cordingly. The  steel,  when  received  should  be  carefully  inspected 
for  chemical  comiX)sition,  surface,  size,  seams  and  occasionally 
fracture  and  micro-structure. 

Carburizing  Materi.\ls  and  Mmions 
The    method    of    carburization    varies    with    the    cement    or 
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carburizing  conij)()un(l  used.  J  he  different  types  of  carhurizing 
conijx)unds  may  be  roughly  classified  as  solid  car^^urizers,  which 
represent  the  great  bulk  of  commercial  carburizers ;  liquid  car- 
burizers.  gases  and  mixed  cements.  The  latter  term  is  used  l)y 
Giolitti  and  consists  of  a  combination  of  carbon  monoxide  gas  and 
charcoal. 

The  solid  cements  are  usually  granulated  materials  such  as 
wood  charcoal,  raw  bone,  charred  bone,  bone  impregnated  with 
oils,  charred  leather,  coke  and  coal  compoimds  impregnated  with 
an  energizer.     Liquid   cements  are  usually   molten  cyanogen   salts. 

The  purpose  of  this  paper  is  to  discuss  the  results  of  cer- 
tain tests  made  upon  several  commercial  solid  carburizing  com- 
pounds for  the  purpose  of  ascertaining  and  correlating  certain  data 
which  are  factors  surrounding  the  carburizing  operation.  The.se 
data  have  been  illustrated,  mainly  by  carbon  concentration  dia- 
grams and  also  show  the  difference  in  characteristics,  weight,  cost. 
etc.,  of  eight  different  commercial  compounds.  The  factors  studied 
are: 

1.  The  effect  of  continued  use  of  the  compounds  imder  test 
upon  the  depth  and  character  of  the  case  produced  in  a  chrome- 
vanadium    steel. 

2.  The  influence  of  increased  carburizing  temj:)erature  upon 
the  depth  and  character  of  the  case  produced  in  the  same  type 
steel    by    these    com]X)imds. 

3.  The  effect  of  variation  in  time  upon  the  depth  and 
character  of  the  case  produced  by  a  commercial  compound  on 
two   steels,   a    simjjle   carbon    and   a    chrome-vanadium    steel. 

4.  The  influence  of  time  and  temperature  upon  the  depth 
and  character  of  the  case  produced  by  a  shop  mixture  of  a  well 
known   commercial    compoimd    on   a    chrome-vanadium    steel. 

5.  J'he  relation  in  a  hardened  chrome-vanadium  steel  be- 
tween scleroscope  hardness,  carbon  content  and  penetrability  as 
measured   by   the    Brinell   method   at   different    zones   in    the    case. 

6.  The  depth  and  character  of  case  prc)duced  in  a  chrome- 
nickel    steel    as   compared    with    a    chrome-vanadium    steel. 

F^KOCF.DUKK 

The  method  of  procedure  employed  is  as  follows :  The  test 
pieces   for  each  series  run  were  5   inches  long  and   from   the  sam^ 
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l)ar  of  steel.  1  he  bar  was  a  2'  |-inch  round  and  the  test  pieces 
were  machined  and  finished  to  2  inches  round,  hy  ^rindinj^'. 
Tlie  short   stf)ckv  bar  minimized    the   i)ossil)ility   of    distortion    and 


KiK-    1 — 1  ypf  of   t  arljuriziiiji    Box    I'sid    in   tlit-sc   Tests. 

the  large  diameter  gave  a  sample  with  an  0.005-inch  cut  suffi- 
ciently ample  to  permit  of  a  re|)resentative  chemical  determina- 
tion. The  pieces  were  ])acked  with  a  '  (  cuhic  foot,  loose 
measurement,  of  com])ound  in  an  alloy  carhurizing  box  12)/2X 
6'/jx7  inches  deep  inside  dimensions,  the  recessed  lid  of  the  box 
being  luted  with  cla}-.  The  type  of  l)ox  used  is  shown  in  l-'ig.  1. 
I'-ight    hours   were   taken   to    heat    the   boxes    through    to    1600 
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degrees  Fahr.,  other  temperatures  in  proportion.  When  the 
boxes  were  held  for  the  number  of  hours  noted,  they  were  re- 
moved and  allowed  to  cool  in  the  atmosphere.  Ihe  temperature 
was  measured  with  a  standardized  potentiometer  recorder,  held 
to  within  plus  or  minus  15  degrees  Fahr.  and  checked  during  the 
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Fig.  2 — Shows  the  Difference  in  Weight  and  Cost  of  Eight  Different  Commercial 
Carburizers  Together  with  the  Loss  of  Compound  Obtained  in  Three  Runs  of  24  Hours 
Each. 

run  wnth  a  portable  potentiometer.  An  additional  thermocouple  was 
in  the  furnace  during  the  entire  i^eriod  of  the  heat,  spaced  4  to  5 
feet  from  the  first  thermocouple,  this  being  used  to -check  the  uni- 
formity of  the  furnace  temperature.  The  furnace  was  fuel  oil-fired 
and  of  a  construction  which  ensured  uniform  heating  of  the 
boxes  which  were  carefully  spaced  on  and  held  oi¥  of  the  furnace 
hearth  by  legs   l^^   inches  high. 


Weight,  Cost  and  Shrinkage 

Fig.    2,    shows    the    difference    in    weight    and    cost    of    eight 
different    commercial    carburizers   together   with    the    loss    of    com- 
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pound  obtained  in  three  runs  of  24  hours  each  after  heated 
through   at    1600  degrees   Fahr. 

The  lower  set  of  figures  show  the  great  (HlYerence  existing 
in  the  specific  gravity  of  commercial  compounds.  As  these  ma- 
terials are  purchased  by  weight  and  used  by  volume  the  lightest 
compound  will  be  the  cheapest  as  it  will  fill  more  boxes.  Of  two 
compounds  having  the  same  carburizing  properties,  price  and 
specific  gravity,  the  one  which  does  not  settle  excessively  when 
packed  will  be  the  cheapest.  Compounds  which  settle  excessively 
when  packed  must  be  used  carefully  or  part  of  the  work  may 
be  uncovered  when  the  box  is  placed  in  the  furnace. 

The  middle  set  of  figures  shows  the  relation  between  the 
initial  price,  the  price  per  cubic  feet  and  the  cost  of  the  material 
lost  by  shrinkage  during  three  runs.  Compound  "S"  was  the 
cheapest  compound  although  the  specific  gravity  was  about  the 
same  as  compounds  "A"  and  "B." 

The  initial  low  price  of  this  material  was  not  made  without 
rea.son,  as  the  carbon  concentration  curves  show  it  to  be  very  er- 
ratic and  to  actually  produce  decarburization  in  one  run.  It  is  a 
cheap  coke-charcoal  compound,  impregnated  with  energizer  and 
made  to  sell.  Compound  "A"  is  lighter  than  "B"  and  has  ap- 
proximately the  same  percentage  increase  in  weight  when  packed. 
The  diflFerence  in  weight  brings  the  price  per  cubic  foot  very  close 
to  that  of  "B." 

The  influence  of  the  increase  in  weight  when  packing  a 
compound  is  seen  in  the  comparison  of  "C"  and  "Q."  The  latter 
has  the  highest  price  per  ton  but  is  also  the  lighter  and  comparison 
on  this  basis  makes  it  the  cheaper,  i.  e.,  $1.58  for  "C"  against 
$1.49  for  "Q."  It  has  a  larger  increase  in  weight  when  packed 
and  this  causes  the  costs  to  be  reversed  and  the  compound  with 
the  low  percentage  of  weight  increase  is  found  to  be  the  cheaper 
of  the  two,  i.  e.,  $1.62  for  "C"  against  $1.70  for  "Q."  The 
influence  of  weight  of  the  compound  is  seen  in  the  heavier  com- 
pounds showing  that  the  market  price  is  not  an  indication  of  the 
cost   as    used. 

A  comparison  of  the  shrinkage  data  or  loss  of  compound 
seen  in  the  top  set  of  figures  shows  a  great  variation.  It  is  much 
better  for  a  compound  to  shrink  gradually  than  to  have  a  high 
initial    shrinkage.      The   possibility   is   always   present    of    some   of 
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Fig.      ,! — PliotiiKraph      nt      tlit      Eight      DilTcreiit      t'ummercial      t'arhiirizing      Materials 
I'sed    in    this    Test. 
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the  work  I)ein»(  exi)()se(l  hy  the  shrinkage  of  the  compound,  as  the 
shop  mixture  usually  is  composed  of  several  ])arts  f)ld  compound 
to  one  of  new.  The  packer  may  find  he  has  used  up  all  of  his 
shop  mixture  and  in  order  to  till  the  last  few  boxes  mav  use  all 
new  compound,  jjlacinq^  the  same  quantity  of  i)ieces  in  each  box. 
Some  of  these  will  he  exposed  hy  the  shrinkage  of  comix>und 
having  a  high  initial  shrinkage.  In  such  cases,  the  top  layer  of 
parts  should  ntJt  he  i)laced  in  the  box  and  plenty  of  excess  com- 
pounds should  be  used.  This  high  shrinkage  also  adds  to  the  cost 
of   the  compound. 

Co.Mi'oLNDs    Used    in    Tkst 

The  compounds  used  in  this  test  are  shown  in  Fig.  3.  .\ 
compound  should  be  reasonably  free  from  dust.  Dusty  com- 
IX)und  is  di.sagreeable  tn  the  workman,  causes  a  high  compound 
loss  cost  and  has  a  tendency  to  choke  the  compoimd,  by  keeping 
the  gases  away  from  the  work.  If  the  dust  is  composed  of  ener- 
gizer  it  will  settle  to  the  bottom.  The  compound  should  not  pit 
the  steel.  Some  cf)m])Ounds  are  so  heavily  charged  with  energizer 
that. a  chemical  action  takes  place  between  it  and  the  steel  and  the 
fini.sh  of  the  latter  is  damaged.  'J'his  condition  took  place  with 
compound  "C"  and  would  prove  exceptionallv  olijectionable  if  this 
comix)und   were   used   for  pack   hardening. 

It  might  be  mentioned  at  this  time  that  a  desired  quality 
in  a  carburizing  material  is  good  thermal  ccmductivity.  In  general, 
these  materials  are  poor  heat  conductors,  and  the  time  taken  to 
heat  to  temperature  is  a  large  proportion  of  the  total  time  used 
in  the  production  of  thin  cases.  Some  compounds  absorb  heat 
at  certain  tem|)eratures  tt)  complete  internal  reactions.  Raw  bone 
contains  a  high  percentage  of  moisture  and  volatile  matter  which 
luust  be  driven  otT  when  first  heated.  Bone  used  once  heats 
much  faster  than  new  bone  and  the  desired  case  can  be  obtained 
in  a  shorter  total  time.  Some  compounds  are  impregnated  with 
oil  and  a  considerable  amount  of  heat  is  retpiired  at  500-600  de- 
grees Fahr.  to  volatize  the  oil.  .At  the>e  temperatures,  the  hydro- 
carbon  gases  evolved   are   not    of   carburizing   value. 

DhTERMI  NATION    OF    CaKBON    CoN'TE.VT    Ol-'    CaSE 

fn  order  to  determine  the  carbon  content  of  the  carburized 
zone,   the  test   pieces   were   ])lace(l   in   a   lathe,   the   surface  jwlished 
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Fig.    4 — Curves    Showing    Carbon    Penetration    of    Compound    "C. 
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Fig.    5 — Curves    Showing    Carbon    Penetration   of    Compound    "Q". 
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with  fine  emery  paper  and  all  traces  of  foreign  material  removed, 
the  corners  were  cut  back  i/4  of  a  inch  to  remove  the  increased 
depth  of  case  at  these  regions  and  cuts  of  0.005  inches  thick  by 
4  inches  long  were  removed  with  a  high-speed  steel  tool.  The  chips 
were  mixed  and  analyzed  for  carbon  by  the  standard  combustion 
method.  It  was  necessary  to  use  extreme  care  in  removing  the 
outer  layers  on  the  chrome-vanadium  steel  as  the  combination  of 
the  high  carbon  with  the  alloys  present  had  made  these  regions  self 
hardening  upon  slow  cooling.  Many  of  the  determinations  plotted 
are  averages  of  several  check  analyses. 

Effect  of  Continued  Use  of  Compounds 

The  different  carburizing  compounds  shown  in  Fig.  3,  were 
used  in  three  separate  runs,  the  time  being  24  hours  for  each  run 
at  1600  degrees  Fahr.  New  compound  was  used  for  the  first 
run  and  no  new  compound  was  added.  A  subsequent  test  was 
run  at  1700  degrees  Fahr.  for  24  hours  at  temperature  using  new 
compound.  The  steel  in  each  case  was  chrome-vanadium,  S.  A. 
E,  6120.  The  individual  curves  plotted  from  each  run  are 
shown    in    the    accompanying    diagrams. 

The  curve  for  the  first  run  of  compound  "C,"  Fig.  4,  is 
composed  of  the  separate  analysis  of  two  samples  which  were 
in  the  box.  This  shows  the  uniformity  of  the  specimens  packed 
in  the  same  box.  The  extremely  high  carbon  content  in  the  hyper- 
eutectoid  zone  is  characteristic  of  the  results  obtained  with  each 
material.  In  each  of  the  accompanying  curves  the  zone  above 
1.00  per  cent  carbon  is  blackened  for  easier  identification.  The 
increase  in  depth  of  this  zone  on  increase  of  temperature  to  1700 
degrees  Fahr.  is  also  noticable.  It  is  seen  that  continued  use  of 
this  compound  does  not  effect  appreciably  the  percentage  and 
depth  of  carbon  over  1.00  per  cent  produced  in  the  hyper-eutectoid 
zone. 

The  carbon  penetration  results  obtained  in  using  compounds 
Q,  W,  S,  A,  B,  and  R  are  shown  in  Figs.  5,  6,  7,  8,  9,  and  10. 
The  summary  of  the  results  are  shown  in  Fig.  11. 

Compound  S,  Fig.  7,  second  run  at  1600  degrees  Fahr.  ac- 
tually has  caused  a  decarburization  of  the  specimen. 

The  curves.  Fig.  8,  show  the  results  obtained  in  using  com- 
pound A,  and    S.   A.  E.   6120  steel.     While   duplicate   specimens 
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Fig.    6 — Curves    Showing    Carbon    Penetration    of    Compound    "W 
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Fig.    7 — Curves    Showing    Carbon    Penetration    of    Conipnund    "S". 


1923 


CARBUR/Z.n  I0\  or  STEEI, 


183 


Fig.    8 — Curves    Showing    Carbon    Penetration    of    Compound    "A' 


Fig.    9 — Curves    Showing    Carbon    Penetration    of    Compound    "B" 
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were  j)lacecl  in  each  bux  it  will  ])e  noliced  that  they  have  been  used 
only  on  the  first  run.  'J'he  second  specimen  in  the  third  run  of  this 
compound   was  analyzed    for  check   i)urposes. 

The  tendency  of  the  increased  carburizing  temperature  to 
build  up  carbon  in  the  exterior  of  the  case  and  render  the  gradua- 
tion  with   the   core  more   abrupt   should   be   noticed.      The   carbon 
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Fig.    10 — Curves    Showing    Carbon    Penetration    of    Compound    "R". 


analysis  on  the  exterior  zone  of  the  1700  degrees  Fahr.  run  using 
compound  B,  Fig.  9,  is  the  highest  determined.  This  specimen 
was  reversed  and  replaced  in  the  lathe  and  nine  new  cuts  taken 
from  the  end  which  had  been  held  by  the  lathe  dog.  The  results 
obtained   checked   very   closely   to   those   taken   previously. 

Compound  H  was  only  used  for  one  run,  but  it  was  tested 
at  a  different  time.  The  condition  of  the  tests  were  the  same, 
however,  and  the  results  are  thought  to  be  comparative.  The 
curve  is   shown   in   Fig.    12. 

Fig.  11.  shows  in  graphic  form  the  summary  of  the  results 
obtained  in  the  tests.  The  depth  obtained  with  each  compound 
together  with  average  depth  obtained  on  the  three  runs  is  shown. 
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The  increase  in  the  depth  of  the  case  and  the  depth  of  the  regitjn 
containing  over  1.00  per  cent  carbon  is  readily  seen. 

Carbon   and  Alloy   Stell   Penetration 

The  effect  of  variation  in  time  in  this  characteristic  together 
with  effect  upon  depth  of  case  is  seen  on  the  test  of  a  simple  car- 
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Fig.  11 — Graphic  Summary  of  Results  Obtained  in  Figs.  4-10.  The  Depth  of 
Penetration  Obtained  with  Each  Compound  Together  with  the  Average  Depth  Obtained 
on   Three    Runs    is    Shown. 


bon  steel,  S.  A.  E.  1015  and  a  chrijme- vanadium,  S.  A.  E.  6120. 
Fig.  12.  These  curves  were  made  with  compound  H  at  1600 
degrees  Fahr.  The  effect  of  increased  time  at  temperature,  is  to. 
increase  the  depth  of  case  and  concentration  of  carbon  over. 
1.00  per  cer^t  carbon  in  the  chrome-vanadium  steel;  carbon  steel 
in  the  same  proportions.  The  carbon  steel  is  not.  however,  sub- 
ject to  excessive  concentration  of  carbon  in  the  hyper-eutectoid 
zone  and  does  not  absorb  carbon  as  readily  as  the  alloy  steel. 
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Fig.     12 — Curves    Showing    Carbon    Penetration    oi    Compound     "H" 
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Fig.   13 — Curves   Showing  Carbon  Penetration  of  Three   Parts   Old  and   One   Part   .New 
Compound   "Q"    on    S.    A.    E.    6120    Steel   at    1600    Degrees    Fahr. 
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Effect  of  Time  and  Temteratuke  Upon  Depth  of  Case  Using 
Shop  Mixtures  of  Compounds 

The  effect  of  temj)erature  of  carburization  is  to  increase  the 
depth  of  case  and  the  depth  of  excess  carbon  in  the  exterior 
zones.  The  curves  in  Figs.  Iv3,  14,  15  and  16  were  obtained  with 
a  shop  mixture,  3  parts  old  to  1  part  new  compound,  on  a  chrome- 
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Fig.    14 — 'Curves    Showing    Carbon    Penetration    of    Three    Parts    Old    and    One    Part 
.\ew    Compound    "Q"    on    S.    A.    E.    6120    Steel    at    1700    Degrees    Fahr. 


vanadium  steel  S.  A.  E.  6120  at  carburizing  temperatures  of  1600. 
1700  and  1800  degrees  Fahr.  The  compound  used  was  "Q."  The 
time  given  in  all  cases  is  after  the  box  was  heated  through  at  the 
carburizing  temperature.  The  24  hour  run  at  1600  and  1700 
degrees  Fahr.  were  taken  from  the  previous  data  and  were  made 
with  new  compound.  Fig.  13,  shows  the  results  obtained  at  1600 
degrees  Fahr..  Fig.  14  at  1700  degrees  Fahr.  and  Fig.  15  at  1800 
degrees  Fahr. 

Fig.  16,  is  a  general  curve  compiled  from  Figs.  13.  14  and  15. 
which  shows  this  steel  to  have  a  tendency  toward  the  'critical 
penetration'  described  by  jjullens  and  seems  to  show  that  carbon 
is  absorbed  slowly  and  gradually  at  low  temperatures.     An  increase 
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in  temperature  tends  to  force  carbon  into  the  steel  very  quickly. 
A  certain  period  of  time,  which  is  shorter  than  the  higher  carburiz- 
ing  temperature,  is  finally  reached  where  the  diffusion  of  the 
carbon  into  the  interior  proceeds  more  slowly  with  consequent 
slowing  up  of  the  penetration  obtained  with  a  given  time  and 
increase  in  percentage  of  carbon  in  the  exterior  zones. 

The  same  depth  of  case  was  obtained  with  3  hours  at  1800 
degrees  Fahr.  as  was  obtained  with  10  hours  at  1700  degrees  Fahr. 
and  24  hours  at  1600  degrees  Fahr.  The  percentage  loss  in 
volume  of  the  compound  increased  very  slowly  with  increase  in 
the   temperatures. 

The  compound  showed  the  following  volume  loss : 

'  1600    Degrees    Fahr. 

I  Per  cent                   Time  in 

Compound  Loss                         Hours 

1            Shop    Mixture    Q  16.67                             5 

Shop    Mixture    Q  17.83  '         10 

Shop    Mixture    Q  17.83                            15 

New  Compound  Q  8.3                             24 

1700   Degrees  Fahr. 

Shop    Mixture    Q     16.67  5               i 

Shop    Mixture    Q    16.67  10.             • 

Shop    Mixture    Q     16.67  15 

New  Compound  Q 19.8  24 

1800   Degrees  Fahr. 

Shop    Mixture    Q    17.86  3 

Shop    Mixture    Q    18.75  6 

Shop    Mixture    Q    17.83  10 

The  tendency  toward  high  carbon  content  near  the  surface  is 
not  entirely  confined  to  chrome-vanadiuin  steel.  Fig.  17, 
shows  the  case  produced  with  solid  carburizer  on  a  chrome-nickel 
steel  S.  A.  E.  3320,  15  hours  after  being  heated  through  at  1650 
degrees  Fahr.  cooling  in  the  box  (this  box  being  larger  than  that 
previously  used,  the  dimensions  being  91/2^18x23  inches).  By  re- 
ference to  the  previous  curves  it  is  seen  that  the  depth  and 
character  of  the  case  produced  are  practically  the  same. 

It  might  be  noted  at  this  time  that  the  type  of  steel  has  a 
great  influence  upon  the  manner  of  distribution  of  the  free  carbides 
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in  the  hyper-eutectoid  zone.     In  chrome-vanadium  steels  the  car- 
Ijide  forms  in  tiny  globules  and  spheroids,  Fig.  18. 

Simple  carbon,  nickel,  and  high-nickel  low-chromium  steels 
have  a  tendency  to  precipitate  the  carbide  in  the  form  of  a  net- 
work   or    needles    unless    the    concentration    is    very    high.    Fig. 
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Fig.    IS — Curves    Showing    Carbon    Penetration    ot    Three    Parts    Old    and     One    Part 
New    Compound    "Q"    on    S.    A.    E.    6120    Steel    at    1800    Degrees    Fahr. 


19.  An  excessive  depth  of  high  carbon  gives  rise  to  a  fracture 
which  has  a  fiery  ridge  or  rim  of  very  crystalline  material. 

Fluctuations  or  variations  in  temperature  cause  an  excess 
amount  of  carbide  to  desposit  near  the  surface.  This  is  due  to  the 
fact  that  a  slight  drop  in  temperature  causes  the  steel  to  become 
supersaturated  with  carbide  precipitating  some  of  the  carbides. 
As  the  temperature  again  rises,  the  steel  absorbs  carbon  from  the 
carburizing  gas  much  quicker  than  it  can  redissolve  the  carbide 
which  it  has  just  precipitated.  When  this  occurs,  an  excess  of 
carbide  is  found  near  the  surface. 

This  phenomenon  is  seen  very  often  in  nickel  and  chrome- 
nickel  steels.  If  the  concentration  is  comparatively  high,  the  box 
will  cool  much  more  rapidly  than  the  steel  can  diffuse  the  high 
carbon    into    the    interior    and    an    excessive    carbon    concentration 
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Fig.     ITi — General    Curve    Compiled    from    Fiffs.     1.?.     14    and     15. 
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Fig.  17 — Shows  the  Case  Produced  with 
Solid  Carburizers  on  a  Chrome. \ickel 
S.  A.  E.  3320  Steel.  15  Hours  after  being 
Heated  Through   at    16.50   Degrees   Fahr. 
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(111  the  outside  is  the  leMill.  'IMii^  (liscontiimily  j^ives  rise  to  a 
fracture  which  lias  a  lierv  edj^e  or  a  thin  border  or  rim  of  very 
crystalh'ne  material.  This  rim  is  com|M)sed  almost  entirely  (tf 
carbide   which    is    the   hardest    constituent    in    steel.      It    cannot    he 


Fig.  18 — Photomicrograpli  of  C  hronie-\'an;i<Jium  .Steel  .Showing  a  Concentration  ol 
Tiny  Criobules  Near  .Surface.  Fig.  19 — I^hotomicrograph  Showing  Net- work  of  tar- 
bides    Xear    Surface   of    C'arburized   Chrome-Nickel    Steel. 


.softened  by  tem]:)ering  and  is  very  brittle.  l""ijs:.  19.  shows  this 
ty[)e  of  zone  on  a  chrome-nickel   steel. 

Cases  of  this  type  are  subject  to  enfoliation  or  splitting  off 
under  shock,  local  heating  caused  by  grinding,  quick  tempering  or 
heating  for  hardening,  etc.  ■  'Jlie  face  breaks  off  in  flakes  on  a 
line  parallel  to  the  surface  corresjxmding  to  the  line  of  se])aration 
of  the  high  carbon  and  eutectoid  zone.  The  high  carbon  zone  cannot 
deform  on  account  of  its  intrinsic  hardness  and  rigiditv.  Li(|ua- 
tion  is  the  term  used  for  the  separation  of  the  normal  and  high 
carbon  zone.  luifoliation  is  the  term  used  to  splitting  off  of  the 
high  carbon  area  formed  b\'  this  .separation. 

The  micrographs  .shown  by  S.  C.  Spalding  in  his  paper 
published  in  the  .\ugu.st  1922  issue  of  Transaction's,  illustrates 
the  tendency  of  the  excess  carbides  to  assume  a  form  which  is 
peculiar   to   the   type   of   steel. 
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Inspection    of   FiNisiiiiD    Parts 

'Jhe  l)est  method  of  determining  the  ablHty  (jf  a  carburized 
part  to  withstand  service  is  to  place  it  in  actual  service.  After 
finding  a  type  of  steel  which  treated  in  a  definite  manner  will 
give  satisfactory  service,  the  next  step  is  to  reproduce  that  part. 
The  best  method  of  testing  the  carburizing  operation  is  to  examine 


Fig.    20-;— Typical    Fractures    of    Carburized    Specimens    of    Steel.      X     154. 

the  case  after  subjecting  the  part  to  the  standard  heat  treatment. 
This  examination  may  be  made  by  breaking  the  part  for  frac- 
ture or  by  taking  sections  from  it  and  examining  them  under  the 
microscope.  The  fracture  test  is  easily  made  a  routine  inspection 
and  gives  a  constant  check  on  the  quality  of  the  material  leaving 
the  heat  treating  department.  Fig.  20  shows  some  typical  frac- 
tures. 

Examination  of  the  fracture  should  show  whether  the  case 
is  sufficiently  deep,  or  the  case  and  core  are  well  refined.  It  is 
well  to  adopt  a  definite  standard  of  depth  which  should  be 
noted  on  the  heat  treatment  instruction  card.  The  method  of 
breaking  for  fracture,  gradually  or  quickly,  across  or  with  the 
grain  alters  the  fracture  and  apparent  depth  of  case  considerably. 
Before  rejecting  a  part  on  account  of  insufficient  depth  of  case 
it  should  be  broken  several  times. 

The  miscroscope  is  used  as  a  supplementary  means  of  in- 
spection on  special  work.     It  is  a  matter  of  a   few  minutes   for 
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tlie    nietallographist   to    polish,    etch   and    examine   a    specimen    for 
depth  of  case,  distribution  of   carbon,  etc. 

The  scleroscope  and  file  are  a  means  of  testing  the  surface 
hardness.  The  scleroso[)e  gives  coniparative  results  on  the  same 
material.     The   tile   hardness   depends   entirely   upon    the   character 
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Fig.    21 — Curves    Showing    the    Redationship    Between    Scleroscope    Hardness,    Carbon 
Content    and    Penetrability    Using    Compound    "Q". 

and  uniformity  of  the  files  used  and  the  method  of  testing. 
The  Brinell  method  is  objectionable  as  it  punches  through  thin 
cases  and  gives  incorrect  readings.  Some  plants  use  a  pointed 
hammer  to  test  the  case.  If  a  blow  w^ith  the  hammer  does  not 
cause    fracture   the   case    is   assumed   to   be   satisfactory. 


Hardness 

A  slab  about  %  inches  thick  was  cut  from  a  2-inch  round 
bar  5  inches  long,  of  chrome-vanadium  S.  A.  E.  6120  steel  which 
had  been  carburized  for  24  hours  at  1600  degrees,  Fahr..  reheated 
to  1625  degrees  Fahr.  and  quenched  in  oil,  reheated  to  1470 
degrees  Fahr.  and  quenched  in  brine.  The  specimen  was  ground 
parallel  to  the  end  of  the  specimen  upon  which  hardness  readings 


TiuysACTioys  or 
194  AMERICAS'  SOCIETY   FOR  STEEL    TREATING       August 

were  taken  with  scleroscope  and  Brinell  machines,  halfway  hetween 
the  center  and  circumference.  Layers  0.005  inches  thick  were  re- 
moved and  consecutive  hardness  readings  taken. 

It  is  interesting  to  note  (Fig.  21  )  that  the  scleroscope  hard- 
ness remained  rather  high  until  the  carhon  content  of  the  ca.se 
dropped  below  0.50  per  cent  carbon.  The  carbon  content  of  the 
h}per-eutectoid  zone  apparentl}-  had  not  had  an}-  influence  upon 
the  hardness. 

The  case  resisted  penetration  by  the  Brinell  ball  until  a  depth 
of  0.025  inches  was  reached.  Between  this  and  0.045  inches  a 
continuous  circular  crack  appeared  outside  of  and  concentric 
with  the  indentation.  Under  this  de])th  the  case  was  sufificiently 
flexible  to  yield  under  the  ball  without  cracking.  The  Brinell 
number  on  the  opposite  surface  of  the  slab,  about  ^'g-inch  distant, 
was  217  although  the  last  consecutive  reading  was  241,  showing  a 
gradual  decrease  in  hardness  with  dej)th  was  effected. 

Insufificient  hardness  may  be  due  to  low  percentage  of  car- 
bon in  the  case,  superficial  decarburization.  delay  quenching,  high 
drawing  temperature,  removal  of  too  much  stock  in  the  grinding 
operation,  etc. 

Soft  spots  and  insufificient  hardness  have  been  attributed 
lately  to  the  presence  of  dissolved  oxides  in  the  steel.  A  material 
which  hardens  satisfactorily  presents  as  carburized  a  'normal' 
structure  under  the  microsco]:)e  while  a  steel  which  produces  'soft 
spots'  has  an  'abnormal'  structure.  The  writer's  experience  has 
been  that  'soft  spots'  have  been  a  very  infrequent  cause  of  trouble 
and  all  cases  which  have  occurred  have  been  readily  found  due  to 
some  other  factor  than  the  steel. 

Sudden  cements  have  the  tendency  to  push  carbon  in  the 
steel  much  quicker  than  it  can  be  diiTused  and  produce  high 
carbon  cases  particularly  subject  to  enfoliation.  It  mav  be  pre- 
vented by  the  use  of  cements  which  do  not  have  such  a  violent 
action.  Carburized  parts  must  l)e  heat  treated  so  that  they  will 
give  .satisfactory  service.  The  heat  treatment  must  also  be  done 
economically  or  at  the  lowest  cost  consistent  with  good  prac- 
tice. 

After  being  held  the  desired  time  at  temperature,  the  grain 
of  the  case  and  core  is  large,  due  to  the  long  soaking  at  high  tern- 
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jjerature.  If  allowed  to  cool  slowly,  the  excess  carhide  will  form 
a  network  between  the  grains  or  separate  in  large  masses.  If 
quenched  from  a  temperature  which  will  harden  the  case,  the 
carbide  structure  will  not  be  changed  and  will  form  an  easv 
l)ath  for  fracture  due  to  its  intrinsic  l)rittlenes>.  (Juenching  in  oil 
fnjm  the  carburizing  temperature  where  this  excess  carbide  is 
in  solution  will  precipitate  it  in  extremely  tine  particles.  It  will 
not  have  time  to  ,se])arate  between  the  grains.  This  (piench  also 
has  a  hardenening  effect  upon  the  core.  The  disadvantages  are 
that  it  does  not  have  any  rehning  action  u])o;i  the  coarse  grai:i 
left  by  the  long  heating,  that  the  proper  ciuenching  temperature 
for  the  core  is  below  the  usual  carburizing  temi)erature  and  thit 
large  work  is  difficult   to  handle  on  account  of   the  heat. 

The  jiieces  shouUl  be  allowed  to  cool  in  the  box  and  re- 
heated to  a  temperature  which  will  refine  the  core  and  also  break 
U])  any  undesirable  structures  of  cementite.  'JMiis  is  called  a  re- 
generative   quench    because    it    regenerates    or    restores    the    core. 

The  parts  are  then  reheated  to  a  knver  temperature  and  are 
quenched  to  refine  the  ca.se.  This  temperature  is  lower  than  the 
critical  temperature  of  the  core  and  the  grain  size  produced  in 
the  core  by  the  previous  quench  is  not  atYected.  This  final 
quench  may  be  in  oil  or  water  according  to  the  type  of  steel. 
Some  steels  have  the  critical  point>  of  the  case  lowered  by  alloy^ 
to  such  an  extent  that  they  l)ecome  hard  when  quenched  in  oil. 
Other  steels  are  non-machineable  after  cooling  in  the  carburizing 
box.   due    to   the    same   phenomenon. 

The  stresses  in  .some  parts  should  be  relieved  by  drawing 
in  oil  to  about  375  degrees  Fahr.  This  will  not  have  any  eff'ecl 
ujion  the  hardness  but  will  increase  the  strength,  toughness  and 
uniformity  of  the  product.  Chrome-vanadium  steels  recpiire  a 
drawing  temperature  about  25  degrees  I'ahr.  higher  than  other 
steels   to   cause    them    to    lose    their    file    hardness. 

The  heat  treatment  and  method  of  handling  is  varied  in  the 
usual  manner  according  to  the  shajie.  size  and  ])revious  history 
of  the  piece.  The  best  results  can  undoubtedly  be  obtained  by 
allowing  the  piece  to  cool  in  the  box.  reheating  it  to  a  high 
tem])erature  to  regenerate  the  structure  of  the  core,  reheating  to 
a  lower  temperature  to  harden  the  case,  and  drawing  to  relieve 
the   internal   stresses   set   up   in   these  operations.      Costs,   however. 
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regulate  i)raclice  and  are  ni  course  subject  lo  the  service  re- 
quirements of  the  part.  In  many  cases  a  sinj^le  ((uench  from 
the  carburizing  temperature  is  sufficient.  An  improved  quality 
of  product  with  lower  costs  can  be  obtained  by  a  careful  study 
of  the  material,  heat  treatment  and   service  conditions. 


R 


rii.iSSACTiDS.'i  or 
1923  AMERICAN  SOCIETY  FOR  STEEL    TREATING  197 

TOOL   ROOM   TROUBLES 
By   A.    H.    Kingsbury 

Abstract 

The  author  of  this  paper  has  reviewed  in  considerable 
detail  the  various  factors  involved  in  the  production  of 
hardened  tools.  He  discusses  the  necessity  of  a  careful 
study  of  the  problem  at  hand  inasmuch  as  the  improper 
selection  of  steel  is  the  niost  frequent  cause  of  tool  room 
troubles. 

Of  the  numerous  factors  involved  in  the  production 
of  cutting  tools,  the  author  specifically  discusses  the  mark- 
ing of  various  grades  of  steel,  design,  machining  strains, 
heat  treating,  the  proper  hardening  range,  quenching 
speeds,  drawing,  soft  spots  and  similar  troubles,  vanadium 
as  an  alloying  element  and  grinding  practice. 

EFEREXCE  to  trouble  is  generally  distasteful  to  most 
of  us.  The  word  is,  however,  directly  a  stepping  stone  to 
experience  and  knowledge,  especially  when  we  recognize  and 
admit  the  existence  of  trouble  and  in  each  occurrence  make 
a  careful  analysis  of  its  causes.  The  tool  room  personnel  and 
equipment  is  of  major  importance  in  a  plant  inasmuch  as  the 
magnitude  of  the  success  or  failure  of  the  enterprise  is  to  a 
considerable  degree  dependent  upon  the  manner  in  which 
this  department  functions.  The  present  day  demand  for  econ- 
omy in  production  to  offset  the  shortage  of  labor  and  pro- 
gressively ascending  wages,  has  given  the  ways  and  means  of 
doing  things  in  the  tool  room,  a  significance  greater  than 
heretofore. 

The  gradual  approach  to  perfection  in  our  engineering 
practices,  and  the  demand  for  greater  and  greater  accuracy, 
have  taxed  to  the  utmost  the  originality  and  initiative  of  the 
tool  designer  and  tool  maker.  Thus,  the  work  of  tool  mak- 
ing demands  more  than  a  good  mechanic  and  accurate  work- 
man. In  the  past  these  characteristics  qualified  a  man  for 
the  trade,  but  at  present  the  complex  demands  of  modern  pro- 

A  paper  presented  before  the  New  York  chapter  of  the  Society.  The 
author.  A.  H.  Kingsbury,  is  associated  with  the  Crucible  Steel  Co.  of 
Arnerica,  Atha  Works,  Harrison,  N.   T. 
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(luction  huAe  raised  it  to  the  position  of  a  hue  art,  in  fact, 
an  art  upon  which"  the  ambitious  and  successful  tool  maker, 
designer,  or  treater  may  well  look  with  considerable  ])ride. 
L'nfortunateh'  all  tool  makers  do  not  consider  it  in  this  light, 
and  as  a  co.nsecjuence  fail  to  give  their  profession  the  careful 
study,  the  present  situation  demands.  They  fail  to  realize  that 
constant  e\'ohition  has,  to  a  great  extent,  made  the  rule  of 
tlnmd:)  methods,  instrtictions  etc.,  of  yesterday  practically  obso- 
lete today,  so  that  entirely  new  methods  being  in  demand,  the 
ambitious  man  will  endeavor  to  gain  that  most  necessary  qual- 
ification for  his  work,  nanielv.  "originalitv."  He  may  accom- 
plish this  by  availing  himself  of  some  of  the  excellent  and 
reatlily  accessible  sources  of  information  in  existence  at  the 
present  time.  The  remarkaltle  re\'oluti()narv  period  in  engi- 
neering business,  which  started  about  twenty-h\e  years  ago  is 
undoubtedly  the  direct  result  of  jHiblicity  brought  about  by 
straightforward  discussion. 

As  an  example  of  this,  let  us  consider  the  art  of  steel 
making.  Xot  more  than  20  years  ago.  the  manufacttire  of 
tool  and  special  steels  was  shrouded  with  a  consideral:»le  de- 
gree of  secrecy  ;  each  manufacturer  had  his  own  pet  mixes, 
analyses  and  obscure  methods  of  making  his  ])roduct.  In  fact 
his  chief  claim  for  consideration  o\er  his  comj^etitors  was  the 
careftdly  guarded  ol)scuritv  of  his  entire  process.  The  advent 
of  the  chemist  and  metallurgist  along  with  the  noteworthy 
progress  made  in  their  rcspectixe  fields,  has  entirely  dissi- 
])atedthe  old  order,  and  those  subjects  which  ])reviously  were 
so  jealously  guarded,  are  openly  discussed,  and  at  the  present  time 
the  steel  maker  bases  his  claim  for  consideration  on  the  qual- 
ity of  his  product  as  the  result  of  research,  knowledge,  and 
care,  wliich  are  tlie  controlling  factr)rs  in  its  manufacture. 
The  writer  \vislies  to  emi)hasize  his  belief  in  the  great  benefit 
derived  from  these  oj)en  discussions,  for  it  seems  to  him  tluit 
we  must  realize  that  the  most  al)stract  problems  become  sim- 
ple in  their  solution  when  manv  minds  are  brought  to  bear 
on  the  subject.  Thus,  it  naturally  follows  that  the  America;-! 
Society  tor  .Steel  Treating  which  was  organized  with  the  ac- 
tuating purpose  of  discussing  the  complex  ]M-oblems  confront- 
ing the  worker  in  mclals,  is  an  organiz;ition  of  incaleul.nblc 
bniclii    to    those    who    wish    to    :\\[\\\    thcmscbes    of    not    onl\-    a 
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technical  but  a  highly  practical  education  in  the  art  of  \\<»rk- 
ing-    and    treating    steel. 

At  times,  unfortunately,  the  failure  of  tools  is  the  fault  of 
the  steel  and  it  is  by  the  careful  and  thorough  investigation 
of  these  failures,  that  the  steel  maker  is  progressively  elimi- 
nating them.  A  i)ersonal  observation  points  to  the  conclusit)n 
that  in  the  instances  where  the  blame  rests  on  the  steel,  the 
majority  of  these  cases  are  directly  attributable  to  the  "human 
equation." 

Progress  has  been  responsil)le  for  another  and  most  en- 
couraging change  in  the  art  of  tool  making.  In  the  past,  the 
trade  was  handed  down  from  father  to  son  and  was  really 
what  might  be  termed  a  family  attair.  Like  most  things  which 
are  hereditary,  the  practice  resulted,  in  developments  along 
narrow  lines,  and  while  it  may  have  promoted  a  high  degree 
of  skill,  it  also  resulted  in  an  attitude  both  narrow  and  prej- 
udiced. This  condition  has  been  subject  to  a  radical  change 
in  that  the  tool  maker  at  present  is  selected  for  his  ability, 
regardless  of  \\hat  trade  his  ancestors  followed.  A  man  so 
developed  is  invariablv  o])en minded  and  willing  to  discuss  or 
listen  to  any  subject  which  may  be  of  benefit  to  him. 

The  Selectio,\'  of  the   Steel 

Possibly  the  most  frequent  cause  of  tool  room  troubles 
is  primarily  in  the  improper  selection  of  the  steel.  In  decid- 
ing this  question  to  the  best  advantage,  a  careful  consider- 
ation  should   be   made   of  the   work   accomi)lished. 

If  the  tool  maker  or  designer  does  not  have  at  least  a 
working  knowledge  of  the  characteristics  of  the  various  tool 
and  alloy  steels  available,  or  the  proposition  is  one  with  which 
he  is  not  thoroughly  familiar,  he  can  generally  obtain  the 
necessary  information  from  the  steel  manufacturers,  though 
in  some  instances  the  maker's  experience  will  not  allow  him  to  state 
definitely  just  how  the  steel  will  ])erform  under  all  conditions 
when  it  is  in  the  finished  tool.  However,  in  making  this  choice 
the  tool  maker  may  find  some  assistance  in  the  following 
questions : 

1.      W  hat    are    the    ])hysical    characteristics    of    the 

metal  lo  be  cut  or  otherwise  wurked  b\-   the  tool?     Is 
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it  soft,  hard,  soft  and  tough,  medium  and  tough,  hard 
and  tough,  or  will  it  have  an  abrasive  action  on  the 
cutting  edge  of  the  tool? 

2.  Does  the  work  planned  necessitate  an  ordinary 
carbon,  extra  carbon,  or  alloy  tool  steel?  Can  initial 
hardness  in  the  steel  be  sacrificed  to  gain  toughness? 

3.  Does  the  class  of  work  demand  a  deep  hard- 
ening steel?  Is  there  danger  of  the  tool  sinking  and 
consequently  cracking  under  pressure,  when  made 
from   a  shallow   hardening-  steel? 


4.     How  much  size  change  is  permissible  in  hard- 


enmg 


5.     At  what  speeds  will  the  steel  be  required  to  work? 

In  answer  to  questions  1  and  2  for  soft  materials  where 
toughness  is  not  a  factor,  a  hard  steel  should  be  used,  and 
while  most  of  this  class  of  work  can  be  satisfactorily  accom- 
plished by  using  a  carbon  steel,  tungsten  tool  steels  will  gen- 
erally give  much  longer  service.  For  hard  steel  the  same  is 
true,  but  the  difference  between  the  length  of  service  obtained 
by  using  one  of  the  tungsten  steels  is  much  greater  than 
where  soft  material  is  to  be  cut.  For  soft  and  tough  cut- 
ting, a  softer  but  tougher  tool  steel  will  show  up  to  advantage 
though  a  harder  steel  may  be  used  to  a  better  advantage,  if 
the  drawing  is  sufficient  to  produce  the  maximum  toughness 
obtainable  with  the  necessary  hardness.  For  hard  and  tough 
steels,  alloy  tools  work  to  the  best  advantage,  particularly 
the  tungsten  or  chromium-tungsten  steels,  which  develop  a 
very  hard  close  grain.  This  condition  naturally  enables  them 
to  resist  wear  and  abrasion  better  than  a  steel  which  does 
not  have  this  characteristic  developed  to  the  same  degree. 
It  is  not  intended  to  imply  that  good  carbon  steels  will  not 
be  suitable  for  any  or  all  of  these  classes  of  work,  but  the 
fact  is  emphasized  that  tungsten  tool  steels  will  work  to 
advantage,  and  in  the  majority  of  cases  give  much  longer 
service  than  those  steels  which  do  not  contain  this  element. 
In  aswer  to  question  3  it  has  been  found  that  for  most  tools 
which  have  to  withstand  heavy  pressures,  such  as  dies,  punches, 
etc.,  a  deep  hardening  steel   is   recommended   particularly   for 
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those  where  the  metal  to  l)e  worked  is  dense  in  nature.  <>r 
hard.  A  carbon  steel,  except  in  small  sections  will  ncjt  harden 
deeply,  so  the  use  of  an  alloy  steel  is  preferable.  In  addition 
to  their  deep  hardening  characteristics  these  alloy  steels,  either 
chromium,  chrome-vanadium  or  chrome-tungsten,  resist  wearing 
action  and  abrasion.  The  oil-hardening  nondeforming  steels 
harden  deeply  and  for  many  classes  of  punch  and  die  work 
these  steels  are  being  used  with  a  great  degree  of  success. 
Another  advantage  gained  by  using  this  type  of  steel  is  that 
they  do  not  change  size  in  hardening.  They  do  not  attain, 
however,  the  intense  hardness  of  some  of  the  other  alloy 
steels,  and  as  a  consequense  can  be  used  to  better  advantage 
on  the  softer  classes  of  work. 

The  steels  containing  2  to  7  per  cent  tungsten  are  ca- 
pable of  remarkable  abrasion  resisting  qualities  and  their  use 
is  an  economy  for  finishing  tools  on  automatic  machines  for 
most  classes  of  work.  Their  dense  close  grain  will  enable 
them  to  cut  the  hardest  materials,  but  not  at  high  speeds. 
The  fact  that  a  steel  contains  tungsten  does  not  necessarily 
make  it  a  high-speed  steel,  neither  does  it  follow  that  the 
presence  of  this  element  will  allow  the  tool  to  cut  at  much 
higher  speeds  than  ordinary  carbon  steels,  though  the  tungsten 
steels  will  last  much  longer  on  most  of  the  materials  at  the 
same  or  slightly  higher  speeds  and  they  \\'\\\  cut  materials 
upon  which  carbon  steels  w'ill  not  even  start.  Thus,  the  chief 
advantage  of  the  tungsten  over  the  carbon  steels  is  longer 
service  between  grindings,  a  better  finish  due  to  their  intense  hard- 
ness, close  grain,  and  their  ability  to  cut  materials  which  are 
too  hard  for  carbon  steels  and  at  times  impossible  to  cut  with 
the  standard  high-speed  steels.  Due  to  their  much  wider  hard- 
ening range,  the  hazard  of  loss  by  overheating  in  hardening 
is  much  reduced. 

One  frequently  hears  nearly  all  classes  of  tungsten  steels 
referred  to  as  semihigh-speed  steels,  but  this  terminology, 
the  writer  is  convinced,  is  misleading.  The  fact  that 
the  so-called  tungsten  tool  steels,  such  as  those  containing 
from  1  to  7  per  cent  tungsten,  have  their  hardness  breaking- 
down  points  but  slightly  higher  than  carbon  steels  and  much 
below   that  of   both   the   old   self-hardening  and  modern    high- 
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speed  steels,  would  indicate  the  term  "seniihi^h-speed"  should 
be  applied,  if  it  is  really  necessary  to  'ippb  '^  at  all,  to  the 
almost  obsolete  self-hardening  steel  whose  hardness  breaking- 
down  point  is  about  300  degrees  higher  than  that  for  the  car- 
1)on  or  tungsten  steels  and  approximately  400  degrees  below 
that  of  the  modern  high-speed,  steels.  Therefore,  if  on  using 
a  carl)on  or  tungsten  steel  at  what  might  be  thought  to  be 
sufficiently  low  sj)eeds,  the  tool  does  not  stand  up  and  it  is 
known  that  the  proper  conditions  have  been  met  in  the  treat- 
ment, do  not  jump  at  the  conclusion  that  the  tool  has  not 
been  softened  under  the  frictional  heat  of  the  chip  simply  be- 
cause the  edge  does  not  show  color  or  the  softness  cannot  be 
felt  with  the  file.  Reduce  either  the  speed  or  adopt  a  high- 
speed steel  for  the  purpose  and  increase  the  speed,  for  as  a 
rule,  higii-speed  steels  work  to  a  disadvantage  at  carbon  steel 
speeds. 

From  the  foregoing  it  can  be  seen  that  the  writer  is  par- 
ticularly interested  in  tungsten  steels,  and  he  feels  that  an  ex- 
planation as  to  his  attitude  is  in  order.  Consideralde  time 
spent  in  research  on  the  influence  of  tungsten  in  steel  has 
indicated  that  it  is  a  most  fascinating  field  for  investigation 
and  has  influenced  him  to  form  some  theories  and  then  se.frch 
the  literature  for  the  purpose  of  confirming  or  contradicting 
them.  While  this  search  has  to  date  been  successful  in  un- 
covering a  few  technical  articles  by  Engl'sh  and  German 
authorities,  there  seems  to  be  a  dearth  of  papers  either  prac- 
tical or  technical  on  the  subject  by  American  authors.  The 
careful  perusal  of  those  discussions  that  could  be  found  on 
the  subject  of  tungsten  steels,  with  a  persf)nal  investigation 
of  some  of  their  properties,  have  convinced  the  writer  that 
this  steel  as  a  class,  has  been  sadly  neglected,  and  its  thorough 
investigation  in  both  a  scientific  and  a  practical  manner  by  our 
modern  metallurgists  and  tool  makers  will  open  up  a  very  wide 
field  of  usefulness.  Suffice  it  to  say.  that  there  is  no  doubt 
whatever,  that  these  steels  have  latent  possibilities  which  have 
been  practically  unexplored  up  to  the  present  time,  and  careful 
and  thorough  re.search  will,  without  a  doubt,  be  repaid  in  concrete 
results.  For  this  discussion  the  steel >  "referred  to  as  "tung.sten 
steels"  are  those  which  contain  tungsten  in  excess  of  1  per  cent 
and  do  ncjt  come  in  the  high-speed  or  "self  hardening"  steel  classes. 
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Vanadium  As  An  Alloying  Element 
\'anadium  as  an  alloying  element  is  very  active  in  chang- 
ing the  properties  of  steel.  In  fact,  it  is  so  active  that  its  addi- 
tion to  the  extent  (tf  even  0.15  per  cent  makes  the  steel  to 
which  it  is  added  an  alloy  steel,  while  any  of  the  other  alloying 
metals  have  to  be  present  in  appreciably  greater  quantities  to 
place  the  steel  in  the  alloy  class.  The  addition  of  vanadium  in 
correct  proportions  to  a  carbon  steel,  adds  several  valuable 
properties,  such  an  increased  hardness  and  toughness,  both  of 
which  augment  to  a  great  extent  the  life  of  the  tool.  It  also 
adds  several  other  properties  to  steels  which  however,  are  of 
no  direct  bearing  on  the  subject  so  will  not  be  discussed. 

The  acknowledged  superiority  of  the  vanadium-carbon  steels 
over  the  straight  carbon  steels  in  durability  is  no  doubt  due 
largely  to  the  fact  that  vanadium  resists  the  formation  of 
lamellar  pearlite  and  in  hyper-eutectoid  steels  massive  cemen- 
tite,  thus  acting  to  give  the  annealed  steel  a  finely  spheroidized 
structure  which  is  the  ideal  structure  for  tools.  In  addition  to 
increased  hardness  and  toughness,  vanadium  also  acts  like 
chromium  in  increasing  the  depth  of  hardness. 

Proper    Hardening    Range 

Another  condition  which  has  frequently  caused  trouble  is 
heating  a  carbon  steel  beyond  the  proper  hardening  range  to 
gain  a  greater  depth  of  hardness,  for  while  this  practice  will 
result  in  a  harder  core,  the  hard  surface  is  correspondingly 
weakened  by  coarsening  the  grain,  and  the  service  from  the 
punch  or  die.  is  thereby  sacrificed.  When  it  is  found  necessary 
to  prevent  sinking  because  of  a  soft  core,  a  deep  hardening 
.steel  such  as  a  chromium  or  chrome-nickel,  nondeforming  or 
high-speed,  should  be  used.  In  fact,  when  any  serious  doubt 
exists  as  to  just  what  steel  to  use  it  is  generally  a  safe  bet  to 
try  high-speed  steel  which,  with  our  present  knowledge  of  the 
elasticity  of  the  treatment  of  this  type,  makes  it  suitable  for  al- 
most any  kind  of  tool. 

For  a  precision  tool  the  nondeforming  oil-hardening  types 
of  steel  are  obviously  the  best.  The  size  change,  however, 
in  either  a  carbon,  tungsten  or  chromium  steel  can  be  greatly 
reduced  by  roughing  it  out,  oil  hardening  it  at  from  50  to  75 
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(Ifgrccs  i'alir.,  ;il)()\c  ihe  icinpcraliiix-  al  wliich  it  would  ordinariK'  he 
quenclied,  and  eitlicr  draw  or  anneal  it  just  sufficiently  to  allow 
it  to  be  finishecl  up,  then  apply  the  regular  treatment.  This, 
makeshift  should  never  be  resorted  to  unless  a  nonchangeable 
steel  is  not  available  or  suitaljle  for  the  work. 

Marking  Grades  of  Steel 

As  all  tool  rooms  use  more  than  one  kind  .of  steel,  a 
method  of  keeping-  the  various  classes  of  steel  separated  must 
be  adopted.  The  system  of  syml)olizing  the  various  kinds  of 
steels  should  be  such  that  the  short  and  smallest  pieces  can  be 
easily  identified.  Different  colored  paints  and  numbers  or 
letters  stamped  on  the  bars  or  pieces  are  the  best  means  of 
preventing  mixttps.  If  when  the  bar  of  steel  is  received  it  is 
immediately  ])ainted  with  a  stripe  the  length  f)f  the  bar. 
stamped,  lettered  or  painted,  a  distinctive  niunber.  letter  or  color 
on  each  end,  it  can  be  easily  identified  at  any  time.  Failure  to 
do  this  may  result  in  the  loss  of  some  very  expensive  tools. 

Design 

The  design  of  the  tool  is  one  of  the  most  important 
features,  as  it  relates  to  the  cutting  angles  and  many  other 
elements  which  are  large  factors  in  the  ultimate  results  ol)- 
tained.  The  importance  of  proper  lip  angles  is  so  well  known 
that  it  seems  unnecessary  at  this  time  to  dwell  upon  this  es- 
sential feature.  The  tool  designer  should  consult  with  the 
hardener  and  in  any  e\ent  shottld  understand  the  fundamental 
principles  of  hardening.  Sharp  corners,  adjacent  thick  and  thin 
sections  are  potential  causes  of  cracks  and  spacing  and  should 
be  avoided  when  possible.  If  not  ]DOSsible  and  the  tool  is  to  be 
an  expensive  one,  use  an  oil  hardening  or  high-speed  steel. 

Some  tools,  regardless  of  how^  carefully  they  are  treated, 
will  warp  and  this  ])oint  is  where  the  good  hardener  can  be  of 
assistance  to  the  designer,  for  he  can  ad\ise  him  where  the  war- 
page  is  likely  to  occur  and  thus  provision  can  be  made  for 
grinding.  If  the  tool  is  such  that  it  cannot  be  ground  sul)- 
sequent  to  hardening,  the  safest  ]:)rocedure  is  to  use  a  nonde- 
forming  or  nonchangeable  oil-hardening  tool  steel. 

All    hot    rolled    or   hammered    steels    are    likelv    to    have   a 


1923  ■  700/.    A'OO.U    TKOUBLES  205 

iiKMc  or  less  decarburized  surface,  su  it  is  poor  econ(;in\  to 
Iniy  the  steel  too  close  to  the  finished  size,  as  sufficient  material 
should  always  be  allowed  to  insure  the  complete  removal  of  the 
decar])urized   surface. 

In  designinf^  punches  and  dies,  the  proj)er  clearance  is  of 
l)asic  importance.  It  is  difficult  to  establish  hard  ancl  fast 
rules  to  cover  this  point  due  to  the  action  of  the  various  metals 
which  may  be  fabricated  by  the  tool.  However,  a  safe  rule 
which  can  generally  be  followed  is  to  allow  clearance  equal  to 
about  l/6th  of  the  thickness  of  the  metal  to  be  punched.  For 
hard  metals  this  ratio  can  be  reduced  to  as  much  as  l/12th. 
^\  hen  punches  l)rcak;  a  good  practice  is  always  to  start  with 
tlie  inxestigation  of  the  clearance,  pro\iding  that  the  fracture  of 
the  tool  does  not  indicate  anything  irregular  in  its  i)h}'sical 
properties. 

Heat  Tre.xtixg 

The  subject  of  this  paper  would  indeed  be  but  poorly 
dealt  with  if  due  consideration  were  not  given  that  most  es- 
sential adjunct  to  the  tool  room,  namely  the  heat  treating 
department,  for  it  is  here  that  a  majf)rity  of  tool  room  troubles 
have  their  origin.  In  considering  this  jdiase  of  the  subject,  the 
writer  will  necessarily  have  to  present  it  in  a  general  and  not 
a  detailed  manner,  for  were  it  to  be  dealt  with  in  detail,  and  in 
justifiable  way,  this  meeting  would  have  to  assume  the  propor- 
tions  of   a   convention. 

The  use  of  a  pyrometer  is  strongly  recommended  as  it  is 
of  valuable  assistance  in  duplicating  results.  An  instrument, 
however,  which  does  not  have  the  necessary  attention  and  is 
not  checked  for  accuracy  from  time  to  time  is  o]:)viously  of 
negative  value  and  the  source  of  trouble.  I'ortunately  the 
present  product  of  the  ])yrometer  makers  is  as  near  fool  proof 
as  they  can  possibly  make  it.  but  they  are  not  perjjetual  motit)n 
machines  and  consequently  need  a  little  of  tlie  human  touch 
now  and  then,  to  keej)  them  in  condition. 

\\  here  it  is  po.ssil)le,  an  instrument  should  be  kept  for 
checking  jjurposes,  but  where  this  is  not  practical,  service  can 
be  had  at  any  time  from  the  maker,  for  a  very  nominal  charge. 
The  instrument  is  of  assistance  to.  l)Ut  cannot  take  the  ])lace  of 
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the  intelligent  hardener  and  therefore  its  introduction  should 
not  lead  to  the  conclusion  that  hardening  troi|bles  are  at  an 
end.  It  will  measure  the  degree  of  heat  in  the  particular  sec- 
tion of  the  furnace  where  the  hot  junction  is  located,  but  some- 
times furnaces  do  not  heat  uniformly.  Consequently,  unless  the 
furnace  heats  uniformly  and  the  operator  knows  how  to  use 
the  instrument,  either  the  steel,  the  pyrometer,  or  both,  are  placed 
in  a  very  disadvantageous  position.  The  pyrometer  helps  to  reg- 
ulate the  "human  element"  but  neither  it  nor  any  other  instru- 
ment designed  to  date  can  eliminate  the  hardener,  who  should 
have  just  as  much  if  not  more,  skill  and  judgment  than  his 
predecessors  of  years  gone  b}^  when  steel  was  hardened  by  the 
eye,  and  the  hardener  was  considered  a  specialist. 

In  addition  to  the  pyrometer  and  the  hardener,  the  proper 
furnaces  and  hardening  room  equipment  are  necessary  if  trouble 
is  to  be  avoided.  As  details  of  the  equipment  have  to  be  suited 
to  the  peculiar  requirements  of  the  individual  shop  it  is  im- 
possible to  consider  them  in  any  more  than  a  fundamental 
way  in  this  discussion.  The  furnaces  should  be  so  designed 
that  they  will  be  of  ample  size  for  the  work,  and  capable  of 
maintaining  a  uniform  temperature  throughout.  The  fuel  sup- 
ply, the  valves,  drafts,  etc.  should  be  such  that  the  atmosphere 
of  the  furnace  can  be  kept  either  neutral  or  reducing  at  all 
times.  If  precision  and  delicate  tools  are  to  be  treated,  one  or 
more  preheating  furnaces  are  of  great  assistance. 

A  brine  of  water  tank  or  both  and  a  suitable  oil  quench- 
ing system  of  sufficient  size  are  necessary.  The  water  and 
brine  cooling  tanks  should  be  so  designed  that  the  temperature 
of  the  quench  can  be  kept  below  70  degrees  Fahr.  A  good  thin 
quenching  oil  is  easily  obtainable.  Either  furnaces,  oil  baths  or 
some  other  means  should  be  provided  for  drawing  and  as  a 
necessary  adjunct  to  them  a  suitable  means  for  accurately  de- 
termining their  temperature,  though  tempering  by  color,  if  it  is 
thoroughly  understood  will  be  suitable  for  some  classes  of 
work.  It  must  be  remembered  however  that  temper  colors  do 
not  appear  below  420  degrees  Fahr.  and  this  is  too  high  for 
man}'  tools;  thus  to  get  accurate  results,  a  furnace  or  bath  with 
a  temperature  indicator  is  good  and  in  the  long  run.  an  econom- 
ical   investment. 

Cracking,   spalHng   and   warping   are    the   direct   results    of 
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strain.  Nonuniform  heating  and  cooling  conditions  are  by  far 
the  causes  of  the  greatest  majority  of  these  troubles.  Thus  by 
a  careful  and  thoughtful  consideration  of  the  conditions  from' 
which  strains  originate,  many  of  the  troubles  incident  to  hard- 
ening can  be  eliminated.  It  is  admitted  that  the  design  to  which 
some  tools  have  to  be  made  will  invariably  produce  warping. 
A  proper  attention  to  the  heating  and  quenching  as  well  as 
to  the  selection  of  the  steel  can  reduce  this  condition  to  a  point 
where  it  is  almost  negligible,  and  if  necessary,  the  tools  can  be 
straightened  at  the  drawing  temperature. 

All  steel  in  the  first  operation  (hardening)  should  be 
treated  in  such  a  manner  as  to  give  it  the  greatest  possible 
hardness  with  the  greatest  refinement  of  the  grain,  and  the 
proper  hardness  for  the  finished  tool  should  be  regulated  by 
the  degree  to  which  it  is  drawn.  In  its  initial  hardened  condition, 
the  steel  is  under  a  tremendous  strain  particularly,  if  its  design 
makes  necessary  adjacent  thick  and  thin  sections,  sharp  cor- 
ners, etc.  It  is  therefore  obvious  that  this  tension  or  strain 
should  be  relieved  as  soon  as  the  quench  has  proceeded  to  the 
degree  where  maximum  hardness  is  obtained.  The  exact  point 
in  the  quench  where  this  condition  is  reached  is  difficult  if  in- 
deed possible  to  determine,  but  best  practice  and  experience 
indicate  that  it  is  somewhat  higher  than  the  temperature  of  the 
quenching  both,  particularly  if  this  ])e  water  or  brine.  If  the 
quench  is  in  oil,  it  should  be  used  hot.  generally  from  80  to 
150  degrees  Fahr.,  for  oil  hardening  steels,  and  as  hot  as  pos- 
sible for  high-speed  steels,  so  the  careful  attention  to  relieving 
strains  at  once,  while  it  is  not  as  essential  as  for  the  water  or 
brine  hardening  steels,  is  good  practice.  A  procedure  which 
seems  to  be  productive  of  good  results  is  to  continue  the  quench 
in  water  or  brine,  until  the  hand  can  just  touch  the  piece  and 
then  finish  cooling  in  either  hot  oil  or  draw  the  tool.  This 
practice  also  assists  in  preventing  warpage.  On  the  other  hand 
care  should  be  taken  not  to  remove  the  piece  from  the  bath 
when  it  is  too  hot,  for  internal  expansion  from  the  interior 
which,  to  a  certain  point  is  bound  to  be  hotter  than  the  outside 
will  cause  cracking,  spalling  or  warping.  Allow  the  quench  to 
proceed  to  the  point  where  all  vibrations  have  apparently 
ceased,  then  place  the  tips  of  the  fingers  down  in  the  bath  and 
on  the  piece,  and  at  the  point  where   it  can  just  be  touched 
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but    not    held   without   discomfort,    it    should    be    removed    and 
either  drawn  or  otherwise  "let  down"  as  described. 

AIachining  Strains 

Another  -cause  of  cracking"  or  warping  is  machining  strains 
and  while  this  condition  is  not  ver}-  common,  it  is  (me  which 
should  be  recognized  as  very  aggravating,  for  it  is  likely  to  occur 
in  the  most  expensive  tool  or  where  considerable  amount  of 
machining  has  been  done.  As  an  added  insurance  against 
trouble  from  this  source,  certain  tools,  should  have  the  machin- 
ing strains  properly  relieved  by  heating  and  cooling  before 
hardening  is  attempted. 

Cracking  and  failure  in  service  are  generally  the  inevitable 
results  of  over-heating  or  under-heating  by  hardening  too  close 
to  the  critical  point.  With  our  present  facilities  and  sources 
of  information  the  former  is  hardly  excusable  while  the  latter 
can  be  avoided  by  the  proper  care  and  attention  on  the  part  of 
the  hardener.  Failures  from  over-heating  are  readily  discovered 
by  observing  the  grain  size  in  the  fracture,  wdiile  those  from  a 
quench  too  close  to  the  critical  are  more  difficult  of  detection 
by  the  naked  eye.  are  readily  found  by  the  microsco])e.  A  piece 
which  is  quenched  too  close  to  its  critical,  while  the  fracture 
may  appear  normal  to  the  unaided  eye,  is  weak  and  its  hard- 
ness breaking-down  point  is  lowered.  As  an  illustration  of  this 
condition ;  sometime  ago  a  failure  of  a  tungsten  steel  chaser 
die  was  reported ;  investigation  developed  the  fact  that  on 
hardening  from  1480  degrees  Fahr.  the  dies  passed  the  required 
file  and  scleroscope  tests  but  on  drawing  at  375  degrees  Fahr. 
(25  degrees  below  the  established  standard)  the  tools  developed 
softness,  and  on  test  the  teeth  broke  out.  From  the  claimants 
point  of  view  there  was  something  radically  wrong  with  the 
steel,  as  their  treatment  so  far  as  they  knew,  Avas  an  established 
standard  with  them  over  a  long  period  of  time  and  the  trouble 
had  never  occurred  before.  The  answe'r  fo  the  prol)lem  was  in 
the  fact  that  they  had  not  checked  their  pyrometers,  and  when 
this  was  done,  it  Avas  developed  that  for  some  unaccountable 
reason  they  were  registering  from  20  to  40  degrees  h^ahr..  low. 
When  this  was  corrected  the  tri>ul)le  was  o\-ercome,  and  the 
drawing  could  l)e  done   at  -K)0  degrees    l-'alir.,   as   l)efore. 

During   the    course   of   investigating,    it   Avas    also    demons- 
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liaU'd,  llial  the  steel  had  a  harcleuiii.i;  ran.i;e  ol  alxnit  13U  dej^rees 
I'ahr.,  and  lt»  axoid  a  reuccurraiice  ol"  the  tiouhle,  the  harden- 
ing' leni])erature  was  raised  to  1525  degrees  h'ahr.  Similar 
tronhles  namely,  weakness  and  K)ss  of  hardness  helow  the 
normal  breaking-down  temperature  will  manifest  themselves  in 
almost  any  steel,  e\en  high-speed  steels.  The  danger  ]K)int  in 
these  steels  a]jparently  is  located  somewhere  between  20CX3  an<l 
2200  degrees  b'ahr  While  we  are  inffjrmed  that  the  transfor- 
mation p(.)ints  for  high-sj)eed  steels  are  considerably  below  this 
range,  there  is  very  substantial  e\idence  that  a  most  impor- 
tant change  occurs  in  the  modern  standard  steels,  between 
2000  and  2200  degrees  Ivdir. 

\\  hile  on  the  subject  of  high-speed  steels,  it  is  necessary 
to  mention  the  fact  that  a  considerable  proportion  of  troubles 
are  caused  bv  the  hardener's  ignoring  or  rather  failing  to  rec- 
ognize the  fact  that  high-speed  steels  are  sensitive  to  the  time 
element,  as  they  are  subject  to  ra])id  grain  growth  at  tem- 
peratures in  excess  of  about  2000  degrees  Fahr..  or  during  the 
superheat.  For  this  reason  the  superheat  should  be  as  rapid 
as  possible  to  be  consistant  with  uniformity.  Maintaining  the 
superheat  frcmi  50  to  75  degrees  Fahr..  or  even  higher.  o\er 
the  intended  quenching 'temperature,  and  cpienching  when  a 
uniform  sweat  has  appeared  on  the  cutting  surfaces,  will  greath 
assist  in  reducing  the  time  element. 

The  question  is  frecpiently  asked,  how  can  one  identify  the 
proper  quenching  temperature  for  high-s]:eed  steels?  This  is 
difficult  to  answer,  as  differences  in  analysis  affects  this  ])oint 
However,  for  the  standard  16  to  18  per  cent  tung.sten  steels,  a 
quench  from  2300  to  2.350  degrees  T-^ahr.,  (tool  tem])erature ) 
seems  to  be  the  best,  while  for  the  lower  tungsten  or  special  high- 
speed steels,  temperatures  somewhat  lower  should  be  used.  These 
lower  tung.sten  steels  are  nf)t  at  present  in  general  use,  so  it  seems 
unnecessary  to  dwell  u])on  this  feature  further.  Should  anyone 
be  interested  in  them,  the  writer  as  far  as  experience  enable-; 
him  will  be  glad  to  answer  questions  regarding  them.  The  fact 
remains  that  many  plants  have  not  the  ])yrometer  equipmer.t  for 
measuring  high  temperatures,  at  which  high-speed  steels  have  to 
be  quenched,  consequently  the  bare  fact  that  2300  to  2350  degrees 
Ivahr.  is  ])roductive  of  best  results  means  little  or  nothing  to  them. 
The   following  hints  will,   it   is  hoped,  as-ist   in    rm<ling  the  proper 
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temperature.  Prepare  a  few  sample  discs  or  pieces  of  the  steel 
as  nearly  uniform  in  shape  and  size,  as  i)ossible.  Preheat  these 
uniformly  to  a  temperature  of  anywhere  from  1500  degrees  to  1800 
degrees  Fahr.  Be  sure  that  a  neutral  or  nonoxidizing  atmosphere 
exists  in  the  superheat  and  quench  from  various  temperatures  as 
shown  hy  the  varying  intensity  of  sweat  from  where  it  first  ap- 
pears up  to  the  blistering  point.  Fracture  these  pieces  and  note 
between  which  points  the  maximum  refinement  of  fracture  is  ob- 
tained. Then  draw  the  pieces  thoroughly  to  1100  degrees  Fahr. 
and  test  with  a  sharp  file.*  Those  pieces  which  are  soft  indicate 
too  low  a  quench  and  by  this  elimination  the  ones  which 
are  hard  and  still  show  the  finest  fracture  are  those  which  have 
been   quenched   inside  the  correct   range    for   the   steel. 

]\Iost  high-speed  steels  are  greatly  weakened  if  they  are 
blistered,  and  this  condition  must  be  avoided,  if  maximum  re- 
sults are  to  be  ol:)tained.  A  properly  hardened  high-speed  steel 
tool  should  never  show  scale  holes,  rough  or  so  called  'alligator 
skin'  surfaces. 

For  very  heavy  sections  or  complicated  tools,  and  those 
where  loss  in  size  must  not  occur,  heating  in  these  stages  is 
most  desirable,  though  not  absolutely  necessary.  First  a  very 
thorough  preheat  between  1400  to  1500  degrees  Fahr.  or  below 
the  scaling  point,  second  an  intermediate  heat  between  1700  to 
1800  degrees  Fahr.  from  which  the  tool  should  be  transferred  to 
the  final  or  superheat  just  as  soon  as  it  has  attained  the  heat  of 
the  intermediate  furnace,  and  before  scale  has  had  a  chance  to 
form.  It  should  always  be  borne  in  mind,  that  excessive  scaling 
is  likely  to  result  in  blisters,  soft  surface  and  is  certain  to  result 
in  loss  of  size. 

The  essential  precautions  to  observe  when  treating  high-speed 
steel  tools  are  thorough  preheating,  prevention  of  .scaling  as  much 
as  possible  by  a  proper  manipulation  of  the  furnaces,  a  quick  high 
superheat,  hot  quenching  medium  and  a  thorough  drawing  as  soon 
as  possible  after  hardening. 

It  frequently  happens  that  a  hardener,  who  has  not  been 
accustomed  to  handling  them  runs  into  trouble  when  he  is  first 
introduced  to  a  chromium,  chromium-tungsten  or  tungsten  tool 
steel,   unless  he  knows   something   regarding   the   nature   of   these 

*If    test    for    hardness    is    made    on    the    black    surface    it    will    be    misleading.     Either 
grind    spot    or    test    on    a    fresh    fracture. 
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alloys.  The  introduction  of  either  one  or  both  of  these  elements 
raises  the  critical  points  and  consequently  the  quenching  temi)eru- 
ture,  and  increases  the  density  of  the  metal,  and  therefore  the  tool 
made  from  these  steels  must  necessarily  have  more  time  in  the 
hre  to  insure  uniformity  throughout.  While  information  is  read- 
ily available  just  how  to  treat  these  alloy  steels  their  nature 
can  be  better  understood  by  the  hardener,  if  he  will  follow  the 
practice  of  personally  experimenting  on  some  small  test  pieces 
to  firmly  fix  in  his  mind  the  temperature  range  and  other  con- 
ditions through  which  maximum  hardness  and  grain  refinement 
takes  place.  This  is  far  more  economical  than  experimenting  on 
expensive  tools. 

Critical    Quenching    Speed 

Every  different  variety  of  steel  has  what  might  be  termed  its 
'critical  quenching  speed,'  that  is  the  speed  at  which  it  is  necessary 
to  reduce  its  temperature  in  cooling  through  the  Ar  point  and 
which  will  result  in  the  maximum  degree  of  hardness.  Thus,  while 
it  is  most  desirable  to  quench  carbon  and  some  of  the  alloy 
steels  as  rapidly  as  possible  to  hold  the  carbide  or  carbides  in 
solid  solution,  there  are  certain  steels  where  the  addition  of  such 
elements  as  chromium,  manganese,  tungsten,  vanadium,  either 
singly  or  in  combination  acts  as  a  brake  in  preventing  this  trans- 
formation from  taking  place,  in  fact  ■  there  are  some  of  these 
steels  among  the  chromium  steels,  those  containing  6  per  cent 
chromium,  high  chromium-tungsten  such  as  air  hardening,  or 
high-speed  steels,  certain  combinations  of  chrome-nickel  and 
certain  high  manganese  steels  where  a  comparatively  slow  cooling 
from  tem])eratures  above  those  at  which  carbide  solution  takes  place 
(critical  point),  will  result  in  the  lowering  of  the  conversion 
point  on  cooling  to  such  an  extent  as  to  give  a  high  degree  of 
hardness.  As  none  of  the  alloy  steels  will  harden  to  any  great 
extent  unless  carbon  is  present  in  the  steel,  the  obvious  conclusion 
is  reached  that  this  so  called,  'lowering'  action  is  due  to  the  effect 
of  the  combined  alloy  tending  to  hold  in  solid  solution,  the  dissolved 
carbides.  Though  it  may  in  some  cases  be  difficult,  practically  all 
these  alloys  can  be  softened  by  annealing.  It  is  also  known  that 
most  of  these  alloys  can  be  suitably  hardened  in  oil,  the  quenching 
speed  of  which  is  slower  than  water  or  brine,  and  practically 
all   of    them    will    crack   when   quenched   in    water   or   brine,   also 
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some   when   certain  kinds   of   oil   are   used   for  it   is  a    fairly   well 
known   fact,  that  all  oils  do   not  ([uench   with  the  same  s])eed. 

« 
Quenching   Speed 

The  question  of  quenching  speed  is  brought  forward  because 
of  the  theory  which  the  writer  is  convinced  is  erroneous,  and  which 
seems  to  have  some  degree  of  popularity  in  man}'  places  namely  that, 
'the  more  rapid  any  steel,  regardless  of  its  composition,  can  be 
quenched  the  greater  will  be  the  resulting  hardness.'  Thus  one 
sometimes  finds  steels  which  should  be  quenched  in  oil,  being 
hardened  in  either  very  thin  oil.  water  or  brine  in  ati:empting 
to  increase  the  hardness.  Hie  evidence  seems  to  be  very  con- 
clusive that  inasmuch  as  the  critical  quenching  speed  is  in- 
fluenced by  the  composition  of  the  steel,  it  is  necessary  to 
quench  it  in  a  medium  which  will  cool  it  with  a  velocity  either 
equal  to  or  slightly  in  excess  of  this  critical  quenching  speed, 
and  when  this  condition  has  been  satisfied,  any  increase  in 
the  velocity  of  quench  by  changing  the  quenching  medium  will 
not  result  in  any  greater  degree  of  hardness,  but  more  than  likely 
in  contraction  cracks  and  in  any  event,  weakness.  Thus  it  fol- 
lows that  oil  or  self  hardening  steels  must  not  be  quenched  in 
water,  or  any  other  medium  which  will  increase  the  cooling  velocity 
beyond  the  danger  point.  If  consistent  cracking  is  experienced, 
this  feature  should  be  thoroughly  investigated  as  it.  is  known 
that  different  oils  will  vary  in  the  sj^eed  with  which  they  quench, 
and  water  sometimes  finds  its  way  into  the  oil  tank.  The  writer  ha> 
puriK)sely  concentrated  on  the  effect  of  (|uenching  speed  as  he  is 
convinced  from  his  own  experience  and  that  of  others,  that  troubles 
from  this  source  are  of  frequent  occurrence. 

Soft   Spots   .xnd    Si^tilak    Tkouble.s 

Soft  surfaces,  soft  spf)ts.  and  some  o'dier  undesiral)le  results 
such  as  size  change,  generally  are  due  to  the  i)ractice  of  improper 
heating,  ft  must  be  borne  in  mind,  that  scale  is  an  oxide,  and 
oxygen  has  affinity  for  carlion.  when  the  temjjerature  is  sufficiently 
elevated.  Thus,  a  tool  which  is  badly  scaled  by  either,  an  oxidiz- 
ing   furnace   atmosphere   or    excessive   soaking,   generally   develops 
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a  more  or  less  (Icrarhiiri/A'd  and  C(»iisc'.|uently  >(>t't  Mirfacc.  I  Ikhij^Ii 
the  soakiii},'  at  scaling'  lirats  may  imt  he  sunieie  illy  prolon.ijecl  to 
result  ill  actual  deearhurizatioii  there  is  duni^fer  of  seelicms  of  scale 
adhering  to  the  siirface.  and  acting  as  insulators  in  the  <|uench, 
resulting  in  soft  s])ots  underneath.  Cold  tongs,  hooks,  etc.,  are 
also  potent  causes  of  soft  .spots  and  while  their  use  is  generally 
necessary  a  little  judgment  and  discretion  will  indicate  a  portion  of* 
the  tool  where  extreme  hardness  is  not  of  paramount  importance 
and  where  it  can  he  held  with  the  tongs  or  hook  with  impunity. 
Do  not  allow  the  tool  to  remain  stationary  in  the  quench  thus 
giving  the  water  time  to  form  steini  pockets  which  will  not  only 
insulate  that  portion  of  the  tool  where  tliey  are  formed,  hut 
will  in  many  instances  result  in  fracture.  The  piece  should  he 
kept  in  motion;  where  there  are  deep  dejiressions  to  he  hardened, 
a  forced  stream  .should  he  directed  on  or  in  these  depres.sions.  If 
a  rehardening  is  necessary  it  should  he  proceeded  hy  a  thoroug'.i 
anneal  to  remove  the  etlects  of  previous  treatment.  Lack  of  at- 
tention to  this  precaution  is  likely  to  result  in  faihu-e  if  not  in 
total    loss   of   the   tool. 

The  prevention  of  e.xcessive  size  change  is  licst  accomjilished 
hy  the  use  of  a  nondeforming  steel,  where  it  will  meet  the  working- 
conditions.  As  most  steels  are  suhjcct  to  an  increase  in  specific 
gravity,  hy  hardening  they  naturally  shrink.  Where  shrinkage  must 
he  held  to  the  lowest  possihle  degree  and  a  nondeforming  steel 
is  not  used,  the  tool  should  he  thoroughly  preheated  hetween  1253 
to  1350  degrees  Fahr.  and  from  this  point  as  rajjidly  as  possihle 
to  the  desired  cpienching  temperature.  By  a  j^roper  regulation  of 
hoth  furnaces  this  can  he  accomplished  uniformly  and  withou' 
considerahle  loss  of  size  or  other  undesirahle  condition  from  scal- 

Grinding  which  is  such  as  to  raise  the  temperature  ahove 
the  hreaking-down  point  will  naturally  result  in  skin  softness  and 
fre(juentlv  in  cracks.  This  may  he  remedied  hy  a  free  cutting- 
wheel,  light  cuts  and  at  proper  speeds,  which  g(^od  i)ractice  has 
shown  should  vary  according  to  whether  the  steel  is  carhon  or 
high-speed.  One  ahrasive  wheel  maker,  recommends  for  the  hest 
results,  a  somewhat  coarser  and  softer  wheel,  and  if  possihle 
slightlv  decreased  speeds  for  high-sjieed  and  other  very  hard  alloy 
steels,  than  are  generallv  used    for  carhon   or  other   similar  steels. 
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Drawing 

Even  if  a  tool  has  reached  this  stage  in  its  development 
where  it  is  to  be  finish-ground  without  showing  any  defect,  it 
does  not  necessarily  follow  that  it  will  work  to  the  best  advantage, 
if  the  drawing  has  not  been  correctly  accomplished  for  the  class 
of  work  which  the  tool  is  to  come  in  contact.  As  indicated  be- 
fore, the  operation  of  drawing,  has  a  major  influence  on  the  final 
results  obtained.  No  hard  and  fast  rule  can  be  laid  down  for 
governing  this  operation  for  all  varieties  of  work,  as  this  can 
only  be  determined  by  experience  and  the  careful  observation 
of  the  way  in  which  the  tool  fails.  Suffice  it  to  say  that  many  a 
tool  and  many  a  good  tool  steel  has  been  discarded  for  a  certain 
purpose  as  being  too  soft,  when  exactly  the  reverse  has  been  the 
case.  A  rounded  or  turned  over  cutting  edge  does  not  always 
signify  that  the  tool  is  soft,  because  the  tools  often  attain  this 
condition  when  too  hard,  by  minute  crumbling  at  the  edge,  due 
to  the  rubbing  action  of  the  work,  giving  them  the  appearance  of 
being  too  soft.  When  a  tool  fails  and  it  is  known  that  the  hard- 
ening conditions  have  been  correct,  raising  the  drawing  tempera- 
ture in  many  cases  will  remedy  the  trouble. 

Conclusion 

Finally,  to  sum  up  the  text  of  this  paper,  it  has  been  shown 
that  tool  room  troul^les  can  be  greatly  reduced  if  not  entirely 
eliminated  by : 

1.  The   proper    selection    of    the    steel. 

2.  The  proper  design  of  the  tool  avoiding  sharp  corners, 
and  adjacent  thick  and  thin  sections  as  far  as  possible. 

3.  Co-operation  between  hardener  and  designer. 

4.  Good,  though  not  necessarily  expensive,  hardening  room 
equipment. 

5     Uniform    heating    and    quenching. 

6.  Drawing  to  relieve  strains  as  soon  as  possible  after 
quenching. 

7.  Knowing  the  hardening  range  of  the  steel  and  keeping 
well   within  it. 

8.  Not    attempting    to    increase    the    hardness    of    a    self    or 
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oil-hardening  steel   by  uiiig  a  cooling  medium   of   greater   velocity 
than  that  in  which  it  is  designed  to  be  cooled. 
9.     Using    preheats    wherever    possible. 

10.  Where  a  large  amount  of  machine  work  has  been  done, 
or  warping  is  likely,  annealing  before  hardening,  to  relieve  machin- 
ing  strains,   and   annealing  it    rehardening   is    necessary. 

11.  Avoid  scaling  which  will  result  in  loss  of  size,  appearance 
of   soft  spots,   etc. 

12.  Proper   grinding   practice. 

13.  Drawing  to  the  degree  which  will  produce  the  toughness 
necessary  to  best  accomplish  the  work  for  which  the  tool  is  de- 
signed. 
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THE   ANNEALING   OF   SHEET   STEEL 
(Continued   from    Piujc    139) 

.stock  must  l)e  rcannealed  after  cold  rolling  to  remove  the  strains 
of  cold  working.  This  second  annealing  operation  is  very  im- 
l)ortant  with  light  gage  sheets,  on  account  of  the  high  phosphorus 
content.  \\'hile  it  might  he  again  said  that  the  correct  tempera- 
ture would  he  1620  degrees  Fahr..  these  sheets,  now  with  a  high 
jxilished  surface  will  stock  or  weld  together  much  more  easily, 
and  since  this  added  expense  has  been  put  uj^on  them,  loss  from 
stickers  will  amount  to  considerably  more  in  money.  Experi- 
ments showed  that  on  this  class  of  material  a  temperature  of  over 
1150  degrees  Fahr.  would  cause  stickers,  and  that  1200  degrees 
Fahr.  or  over  made  them  impossible  to  separate.  Therefore,  the 
second  annealing  is  very  light  and  it  is  impossible  to  remove  all 
strains  unless  they  were  annealed  in  very  thin  packs,  where  their 
weight  would  not  hold  them  close  enough  to  stick.  The  roof 
temperature  on  cold  rolled  material  does  not  run  over  1400  de- 
grees Fahr.  and  the  firing  time  about  8  hours. 

Blue   Anxealixg 

Heavv  gage  sheets  (sheet  mill  material)  are  ordinarily 
spoken  of  as  blue  or  box  annealed.  In  this  sense,  blue  annealed 
means  the  open  annealing  of  a  sheet  in  an  open  furnace,  the 
sheet  alwavs  having  considerable  scale  on  it.  Blue  annealing 
by  the  box  method  is  quite  a  difYerent  thing,  and  as  a  large 
tonnage  of  light  gage  stock  is  marketed  this  way  the  anneal- 
ing of  it  is  important.  The  purpose  of  blue  annealing  is  to  cover 
the  surface  of  the  sheets  with  a  rust-resisting  coating  of  oxide, 
v.-hich  being  in  the  form  of  Fe.oO^  will  vary  from  a  light  blue 
to  a  black.  The  material  may  be  made  as  stove  pipe,  elbow,  or 
high   polished  stock,    with   numerous   grade  between. 

Most  of  the  methods  for  blueing  take  place  during  the  an- 
nealing operations  and  are  so  closely  related  that  a  study  of  one 
must  include  a  study  of  the  other.  The  author  has  experimented 
with  some  twenty-one  methods  of  obtaining  a  blued  sheet  by  air, 
•gas.  steam  and  chemicals.  The  results,  however,  of  these  tests  are 
jiot    incorporated    in    this    pai^er.      These    few    words    on    blueing 
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are    merely    to   hriiis^   to    the    readers    attentiDii    the    imptirtaiue    of 
aiineahng  in  the  sheet  steel  industry. 

SUMMARV 

In  sumniinj^  up  this  paper  the  contents  may  Ije  hrieflv  classi- 
lied    into   the    following    14   points. 

1.  The  most  common  type  of  annealini,'  e(|uii)ment  is  the 
box  type  furnace  and  annealing  boxes. 

2.  The  continuous  box  type  furnace  gives  better  heat  con- 
trol. . 

3.  The  continuous  muffle  type  furnace  should  show  a  con- 
siderable saving   in   fuel  due   to   the    fact   that   there   would   be  no 

•     heat   wasted   in   heating  covers   and   bottoms. 

4.  Pyrometers  on  roof  work  require  rare  metal  coujiles  and 
the  method  of  measuring  temperature  within  the  box  is  expen- 
sive  and    unsatisfactory. 

5.  Softness  of  the  sheet  does  not  necessarilv  mean  good 
stamping    quality. 

6.  A  dirty  surface  will  cause  a  well  annealed  sheet  to 
break   in    stamping. 

7.  Steel  should  be  as  low  as  possible  in  sulphur  and  phos- 
phorus    with    carbon    and    manganese    within     reasonable    limits. 

8.  Grain  growth  must  be  prohibited  even  at  the  expense  of 
incomplete   removal   of    rolling  strains. 

9.  Sticking  is  the  result  of  a  high  annealing  tem])erature. 
and  frequently  is  accompanied  by  grain  growth. 

10.  The  heat  distribution  in  the  cannon  ball  furnace  is  good, 
but  charging   of   the  boxes  is   difficult. 

11.  The  bench  type  furnace,  while  easy  to  charge,  ex- 
hibits   poor    heat    distribution. 

12.  Stoker-fired  furnaces  are  as  econt)mical  as  hand-lired 
furnaces. 

13.  Bringing  up  the  temperature  as  rapidly  as  possible  will 
help  to  clear  the  sheets.  The  heat  absorption  of  steel  is  a  de- 
finite quantity   with   time  and   temperature   the   main    factors. 

A  high  furnace  tempcrattuT  only  burns  u\)  the  furnace  and 
covers. 

14.  Deoxidizing  and  blueing  arc  operations  carried  out  on 
the  steels   while   in   a  heated   condition. 
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NOTES  FROM  THE  BUREAU  OF  STANDARDS 

The  Form  of  Oxygen  in  Steel  Determined  bv  Vacuum  Fusion 

Analysis  | 

PREVIOUS  tests  have  indicated  that  oxygen  existing  in 
iron  or  steel  as  iron  oxide  or  silica  is  completely  determined 
by  the  vacuum  fusion  method  of  analysis  for  gases  in  metals. 
Additional  tests  have  been  made  with  oxides  of  manganese 
and  aluminum,  the  results  showing  a  recovery  of  over  90 
per  cent  of  the  oxygen  in  either  of  these  oxides,  the  oxides 
used  in  such  tests  being  in  comparatively   coarse  particles. 

It  has  been  shown,  both  in  these  tests  and  by  previous 
investigators,  that  the  reduction  of  such  oxides  by  carbon  is 
more  complete  the  finer  the  oxide.  It  is,  therefore,  believed 
that  such  oxides  contained  in  steels  as  very  fine  inclusions  are 
completely  reduced  in  the  vacuum  fusion  method  of  analysis. 

Nick-Bend    Tests    of    Wrought    Iron 

Previous  work  on  this  subject  by  the  Bureau  has  shown 
that  the  character  of  the  crystalline  areas  which  are  often  ob- 
tained when  wrought  iron  bars  are  fractured  by  the  nick- 
bend  test  is  determined  largely  by  the  relative  size  and  dis- 
tribution of  the  slag  threads.  In  general  the  smaller  the  slag 
threads  and  the  more  uniformly  they  are  distributed,  the 
greater  is  the  tendency  for  crystalline  areas  to  occur. 

In  order  to  confirm  this  tentative  conclusion,  consider- 
able attention  has  been  given  to  the  nick-bend  test  of  open- 
hearth  iron.  It  was  noticed  that  the  full-sized  bars  broken 
in  the  regular  manner  of  the  nick-bend  test  invariably  gave 
crystalline  fractures.  The  observations  previously  made  on 
the  difference  in  the  nature  of  the  crystalline  break  on  the 
tension  and  compression  sides  of  the  bar  were  also  confirmed. 
On  the  other  hand,  a  large  number  of  the  small  impact  speci- 
mens cut  from  such  bars  and  tested  by  the  Izod  and  Charpy 
methods  gave  silky  fractures.  Evidently,  the  nick-bend  test 
should  not  be  considered  merely  as  an  impact  test  of  the  Izod 
and   Charpy  types   on   a   large   scale. 

By  annealing  impact  specimens  of  the  open-hearth  iron 
at  high  temperatures  up  to  and  including  1150  degrees  Cent., 
which  renders  the  grain  size  larger  and  more  uniform,  the 
fractures  obtained  in  the  impact  test  were  very  similar  to 
those  in  the  simple  nick-bend  test  of  the  the  untreated  iron. 
However,  some  of  the  bars  annealed  at  high  temperatures  still 
showed  a  silky  fracture  after  the  Charpy  impact  test.  It 
appears  probable,  therefore,  that  the  resistance  of  the  iron  to 
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shock  is  not  determined  simply  and  wholly  by  the  grain  size ; 
but  that  other  features,  such  as  the  form  of  the  grain,  partic- 
ularly the  character  of  the  junction  between  neighboring 
grains,  may  affect  the  results.  Microscopic  examinations  of 
fractured  specimens  are  being  made  to  throw  light  upon  this. 

Crystalline  Form   of   Electrodeposited   Metals 

A  paper  entitled  "Notes  on  the  Crystalline  Form  of  Elec- 
trodeposited  Metals"  has  been  prepared  by  members  of  the 
Bureau's  staff  for  presentation  at  the  fall  meeting  of  the 
American  Electrochemical  Society.  The  purpose  of  this  paper 
is  to  present  a  simple  theory  on  the  mechanism  of  electrode- 
position  and  a  classification  of  structures  which  the  Bureau 
believes  will  be  helpful  in  further  studies  in  this  field. 

The  Quenching  of  Oil-Water  Emulsions  on  Gage  Steel 

Considerable  time  was  devoted  during  the  month  of  June 
to  a  study  of  the  characteristic  behavior  of  an  oil-water  emul- 
sion (a  mixture  used  commercially  to  some  extent)  as  a 
quenching  medium  in  the  heat  treatment  of  steels. 

It  was  found  necessary  to  stir  the  mixture  with  high  pres- 
sure air  to  obtain  a  homogeneous  emulsion  in  which  con- 
dition it  was  very  stiff"  and  cooled  the  specimen  much  more 
slowly  in  the  upper  temperature  range  than  oil.  .  It  had  the 
peculiar  property  of  cooling  slowly  half  way  and  then  very 
rapidly,  the  time  to  cool  to  one-tenth  of  the  temperature  range 
being  about  the  same  as  for  oil.  This  unique  property  is 
evidently  due  to  entrapped  air  and  should  be  studied  further. 
When  completely  emulsified,  it  was  not  possible  to  harden 
standard  cylinders  of  1.4  per  cent  chrome  steel  though  they 
could  be  hardened  if  the  mixture  was  not  thoroughly  emulsified. 

Additional  Foundry  Equipment 

Up  to  the  present  time,  nearly  all  the  work  of  the  Bureau's 
foundry  has  been  limited  to  the  preparation  of  nonferrous  al- 
loys. Recently  the  Bureau  has  purchased  a  small  cupola  to 
be  used  for  investigational  purposes  in  connection  with  the 
ferrous  alloys  and  also  to  provide  metal  for  castings  used  by 
the  Bureau  and  other  branches  of  the  government.  During  the 
month  of  June  the  construction  of  a  charging  platform  and 
foundations  for  the  cupola  Avere  completed.  The  installation 
and  lining  of  the  cupola  are  now  in  progress  and  the  equipment 
will   soon  be  ready  for  service. 
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The  Question  Box 

A  Column  Devoted  to  the  Asking,  Answering  and  Discussing 

of  Practical  Questions  in  Heat    Treatment  —  Members 

Submitting  Answers  and  Discussions  Are  Requested 

to  Refer  to  Serial  Numbers  of  Questions 


NEW   QUESTIONS 

QUESTION  NO.  88.     JVJiat  arc  the  flash  and  fire  t^oiuts  of 
the  principal  vegetable,  animal  and  mineral  oils? 


QUESTION  NO.  89.     What  arc  the   melting  points  of  the 
principal   chemical    elements? 


QUESTION    NO.    90.     Please    give    the    temperatures    and 
corresponding  temper  colors  used  in  the  drawing  of  carbon  steel. 


QUESTION    NO.    91.     Please    state    the    temperatures    and 
corresponding  colors   used   in   hardening  carbon   steel. 


QUESTION  NO.  92.     What  is  meant  by  reduction  of  area 
in   tensile  testing  of  metals? 


ANSWERS   TO    OLD   QUESTIONS 

QUESTION  NO.  69.  /,v  sulphur  up  to  0.10  per  cent  detri- 
mental to  the  quality  and  physical  properties  of  an  automotive 
steel? 


QUESTION  NO.  72.     JVhat  elements  are  conducive  to  good 
electric  butt-zcelding  of  steels? 


QUESTION  NO.  73.  Does  electric  butt-welding  destroy  the 
f^hysical  properties  de-c'cloped  in  a  steel  z^'hich  has  been  heat  treated 
prior  to  the  welding  operation? 


QUESTION  NO.  74.  Why  shouldn't  a  bar  of  .s'teel  rolled 
from  a  locomotive  axle  be  better  than  one  rolled  direct  from  the 
billet  made  from  the  original  ingot? 
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(JCJiST/OiX  No.  S.v  /;/  (iiuicali)!;/  li'uih-mrhou  tool  steel 
in  an  open- fire  furnace  (V  x  12'  is  it  likely  that  sul/^linr  -a'ouUI  he 
iinlMirled  to  lite  steel  hy  the  use  of  producer  (/as  male  from  coal 
unusually  hiyh  in  sulphur,  say  around  1.50  to  2.(J()  per  cent/ 


QUESTION  NO.  H5.  What  is  the  best  method  of  pre^rnt- 
iiuj  carhurization  in  holes,  or  in  the  bore  oj  parts  to  be  case  hard- 
ened.' 


QUESTION  NO.  86.  Can  ingotism  in  steel  be  reinoi'ed  b\ 
subsequent   rolliitfj   or  forging F 

ANSWER — By  M.  H.  Aleclwedeff.  metallurgist  and  chemist. 
W'yominij  Shovel  WOrks,  W'yominj:^,  ]^a., 

Infjotism  in  steel  is  not  such  a  rare  phenomenon  as  it  is 
commonly  supposed,  particularly  in  alloy  steels  made  in  lar^e 
open-hearth  furnaces  and  poured  into  large  moulds.  But  the 
had  effects  of  ingotism,  i.  e.,  the  inherent  weakness  due  to  an 
excessively  large  grain,  are  easily  overcome  l)y  suhsequent  rolling 
or   forging  at  proper  temperatures. 

Ingotism  in  steel  is  the  phenomenon  of  an  excessively  large 
grain  in  the  cooled  ingot.  This  occurs  whenever  the  solidification 
range  is  very  wide.  i.  c.,  when  the  pouring  tem|)erature  is  too 
high,  or  in  general  whenever  the  passage  through  the  solidification 
has  heen  too  slow. 

In  rolling  at  proj^er  temperatures,  above  the  critical  range, 
the  mechanical  work  crushes  the  large  crystals  which  arc  immedi- 
ately reformed  into  smaller  crystals.  The  final  size  of  the  crystals 
will  depend  upon  the  finishing  temperatures.  If  the  work  was 
stopped  when  the  steel  was  slightly  above  the  critical  range  the 
steel  would  have  a  fine  grain  and  the  physical  properties  of  the 
erstwhile  brittle  steel  would  be  very  good.  Careful  forging  will 
also   remove   the  effects   of   ingotism. 


QUESTION  NO.  87.  What  is  the  reason  for  the  distortion 
of  gears  made  of  S.  A.  E.  3120  steel  after  carburi:::ing  according  to 
recotnniended   heat   treatimi  practice  of  the  S.  A.   E./ 

ANSWER.  ]^>y  James  Sorenson.  metallurgical  engineer,  Foin- 
Wheel  Drive  Auto   Co..   Clintonville.  ^^'is. 

One  of  the  primary  causes  for  gears  made  from  S.  .\.  E 
,"^120   steel   distorting   after   carburizing   is   due   to   the   gear   blanks 
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not  being  thoroughly  annealed  before  carburizing,  fluctuation  of 
temperature  during  the  carburizing  operation  or  the  use  of  too 
drastic  a  quenching  medium  in  the  hardening  o[)eration,  may  also 
be  the  cause. 

The  writer  has  handled  a  great  many  tons  of  gears  made  from 
S.  A.  E.  3120  steel  in  the  following  manner  and  has  always  had 
very  good  results,  both  as  to  uniformity  in  hardness  and  structure 
and  a  minimum  amount  of  distortion. 

The  treatment  is  as  follows :  After  machining  of  gear  blanks 
anneal  at  a  temperature  of  1550  degrees  Fahr.  and  cool  in  the 
furnace,  finish  machine  and  carburize  at  1650  degrees  Fahr.  Cool 
in  boxes.  Reheat  to  1575  degrees  Fahr.  and  quench  in  oil.  Re- 
heat to  1450  degrees  Fahr.  and  quench  in  oil.  Draw  temper  ac- 
cording to  the  desired  hardness  of  the  case. 


ANSWER — By  M.  H.  Medwedefif,  metallurgist  and  chemist, 
Wyoming   Sho^•el   \\'orks,   Wyoming,    Pa. 

Gears  will  distort  during  the  carburizing  process  due  to  various 
causes.  Sometimes  excessive  distortion  will  result  from  improper 
packing  of  the  gear  in  the  carburizing  boxes,  i.  e.,  uneven  distri- 
bution of  weight  of  gear  surface.  Distortion  will  also  result 
if  the  carburizing  boxes  are  unevenly  heated,  due  in  turn  to  faulty 
furnace  operation.  The  writer  has  often  observed  portions  of 
carburizing  boxes  red  hot  while  other  portions  are   almost  black. 

Gears  should  be  packed  in  such  a  manner  that  the  weight 
is  evenly  distributed.  Another  very  common  source  of  distortion 
is  when  gear  blanks  have  not  been  properly  annealed  and  the 
large  forging  strains  not  removed. 

To  minimize  distortion  in  gears  the  furnace  charge  should 
be  brought  up  slowly  to  the  desired  carburizing  temperature,  and 
the  burners  manipulated  in  such  a  manner  that  the  furnace  chamber 
is  evenly  heated.  This  is  very  simple  if  the  operators  are  trained 
in  proper  adjustment  of  burners.  It  is  really  remarkable  how 
little  attention  is  paid  to  this  point.  It  is  also  important  to  allow 
the  gears  to  cool  in  the  boxes  until  black. 

Uneven  heating  and  faulty  distribution  of  w^eight  of  gear  in 
quenching  will  also   cause   distortion. 


In  the  July  issue  of  Transactions,  Question  No.  76  was 
answered  by  B.  F.  Weston  of  the  Jones  &  Laughlin  Steel  Cor- 
poration. It  was  stated  that  Mr.  \\"eston  was  located  at  the  S.  S. 
Works,  Beaver  Falls,  Pa.  This  statement  should  have  been 
South   Side  Works,   Pittsburgh,   Pa. 
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ADDRESSES  OF  NEW  MEMBERS  OF  THE  AMERICAN  SOCIETY  FOR 
STEEL  TREATING 

EXPLANATION  OF  ABBRF.VI AITONS.  M  represents  Member;  A  represents  Associate  Mem- 
ber; S  represents  Sustaining  Member;  J  represents  Junior  Member,  and  Sb  represents  Subscribing 
Member.  The  figure  following  the  letter  shows  the  month  in  which  the  membership  became  effective 

NEW   MEMBERS 
ALLISON,  A.   R.,    (Jr-6),   58  Chestnut   St,   Lewistown,   Pa. 
BARTLETT,    C.   F.,    (M-4),   Box  350   Redford,    Mich. 
BF.CK,  F.  A..   (M-6),  4636  E.  Thompson   St..   Philadelphia.   Pa. 
BENDIXON,   H.   H.,    (Jr-7),   c/o   Bettendorf   Co.,    Bettendorf.    Iowa. 
BOLTON,  H.  L.,   (M-6),  Beacon  Oil  Co.,  Everett,  Mass. 
BRUNNER,    E.    H.,    (M-6),   621    Fourth    Ave.,    Bethlehem,    Pa. 
CAMPBELL,   L.  A.,    (M-3),   1041   W.   Forty-eighth    St.,   Los   Angeles,    Cal. 
CANDLIN,    WALTER,    (A-5),    5034    Tamson    St.,    Philadelphia,    Pa. 
CANN  &  SAUL  STEEL  CO.,   (S-6),  516  Commerce  St..  Philadelphia,   Pa. 
CARLSON,  J.  v.,    (M-5),  Union  Special  Machine  Co.,   Chicago,  111. 
CASLIN,  JAMES,   (M-6),  5923  Romania  Place,  St.  Louis,  Mo. 
CLAYPOOL,  W.   L.,    (Jr-7).   Bettendorf   Co.,   Bettendorf,   Iowa. 
CLEMENT.  H.  L.,   (M-5).  Union  Special  Machine  Co.,  Chicago,  111. 
DEANE,  H.  A.,    (Jr-7),   1183  Twenty-fifth  St.,  Mohne.   111. 
DENNY,   A.   B.,    (M-3),   Llewelyn  Works,   Torrance,    Cal. 
ELLIS,    O.    W.,    (M-6),    Dept.    of    Met.,    University    of    Toronto,    Toronto, 

Ontario,    Canada. 
FENTRESS,  G.  E.,   (M-7),  2525  Thirtv-seventh  St..  Los  Angeles,  Cal. 
FRAUENTHAL.   A.   H.,    (M-4).  998   Parkwood   Drive.    Cleveland,    O. 
FUREY,  CORNELIUS  A.,   (M-5),  2620  S.  Sixteenth  St..  Philadelphia,  Pa. 
GILCH,  JOHN   A.,    (M-6),  305   Van  Vranken  Ave.,   Schenectady,   N.   Y. 
GOODENOW    FURNACE    CO.,    F.    J.,    (S-4),    2153    Warren    Ave.    W.. 

Detroit,   Mich. 
HOTCHKISS,    R.   M..    (M-6),   263    Park   St..    New   Haven.    Conn. 
HYBINETTE,   V.,    (A-6),   Hotel   Dupont.  Wilmington,    Del. 
KINNEY,   L.   W.,    (M-6).    18100   Cornwall    Rd..   N.    E.,   Cleveland,    O. 
LA   VAN,   MONT,    (M-6).    Mechanics   Machine    Co..    Rockford.    111. 
LEWIS,  H.  R.  Jr.,    (M-6).   Ohio   Seamless  Tube   Co.,    Shelbv.   111. 
LIGHTFOOT,   H.  A.,    (M-5).  1633   Dyre   St.,   Frankford,    Philadelphia,    Pa. 
LOVELL,  A.  C,   (M-7),  Fabric  Tool  Protector  Co..   South  Bend,  Ind. 
MAXFIELD,  T.   C,    (A-6).   E.   F.   Houghton  &  Co.,  New  York   City. 
NICKLE,  H.  D.,    (M-5),   532   Beacon   St..  Boston,   Mass. 
PEARNE,   F.  Y.,    (M-3),  209   E.   Ave.    55.    Los   Angeles.    Cal. 
PIRK.    G..    (Jr-7),    General    Electric    Co..    Schenectady,    N.    Y. 
RADFORD,    v.,    (M-7).    National    Malleable    Castings    Co.,    Sharon,    Pa. 
REEVES   MFG.    CO.,    (S-6).    Milford.    Conn. 
ROSS,  J.  G.,    (M-7),   1036  S.   Main   St..   Waterbury.    Conn. 
SOVERHILL,  H.  A.,    (M-5).   1120  Thirteenth  St..  Moline,   III. 
SZEKELY    CO.,    C.    O.,    (S-7).    Sixth    Ave..    Moline,    111. 
TREANOR.  J.   D.,    (Jr-6).  416   Eighteenth   Ave.,   Moline,    111. 
VIERIECK,  A.   L.,    (M-5),  224   S.    Pine   St..   Davenport,    la. 
WALEN.   E.   A.,    (M-6).   Bellis   Heat  Treating   Co.,   New   Haven,   Conn. 
WARD'S  SONS  CO.,  EDGAR  T.,   (S-6),   Sixteenth  St.,  and  Indiana  Ave.. 

Philadelphia,    Pa. 
WEBSTER.   G.   W.,    (Jr-7),    583    Central   Ave..    New   Haven,    Conn. 
WOOD,  LEON   G.   S.,    (Jr-6),   Saco-Lowell   Shops,  Lowell,    Mass. 
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CHANGES    OF   ADDRESS 

ADAMS.    II.    U..    in.iii   816   W.   Lnkc   Suirl.   to    1302   W.   Washinj-lcn   Blvd., 

Chicago,    111. 
ADAMS,  J.  O.,  from  930  Church  St..  to   i:.  C.  Atkins  Ol^.,  Indianapolis.  Ind. 
BODINE,  FRANK,  from  2303-14th  Ave.  to  1312  Seventh  St..  Rockford.  111. 
BURKE,    THEODORE,    from    Isaac    G.   John.son    Co.,    Spuyten    Duyvil,    N. 

v..   to   Otis    Elevator    Co..    Bufifalo,    N.   Y. 
CHABOT.   J.   M.   T..    from  23    Silver    St.,   Waterville,    Maine,   to   115    Court 

St..    Charleston,    W.   Va. 
CINIOTTI,   G.   E.,    from   726   N.    Beatty   St..    Pittsburgh,    Pa.,   to    \'anadium 

Allovs    Steel    Co..    Springfield,    Mass. 
COLLINS,    ARTHUR    L.,    from    5616    Crowson    St.,    Germantown,    Pa.,    to 

Horace   T.   Potts   &   Co..   Philadelphia.   Pa. 
CONRADI,   L.    C,    from   R.    F.   D.   No.    1,   to    143   Jackson    Ave.,    Plainfield. 

N.    J. 
CORNISH.  F..   from  3  Greenwood  Ave.,  to  288  Vernon  St.,  Blue  Island,  111. 
CRAAIP,  ARTHUR  L.,  from  Imperial  Drop  Forge  Co..  to  Route  "C,"  Box 

393,    Indianapolis.    Ind. 
DAY,    WM.    E.    Jr..    from    311    Magnolia    St..    to    International    Motor    Co. 

New  Brunswick,   N.  J. 
ESAU.  G.  W..  from  6739  Cornell  Ave.,  to  E.  F.  Houghton  &  Co.,   Chicago, 

III. 
FISCHBECK,    H.    J.,    from    137    Twenty-second    St.,    Irvington,    N.    J„    to 

Pratt    &    Whitney    Co..    Hartford.    Conn. 
FREDERICK,  J.   B..   from    Poole   Hotel    to   Barber   Colman    Co.,   Rockford. 

111. 
GARDNER,   G.   E..    from   2278   Detroit   Ave.,    to    1309    Palmetto.    Toledo.   O. 
GILMOUR.   M.  L..   from  Reynolds  Wire  Co.,   to  2007   Everett   St..   Houston. 

Texas. 
GRIFFITHS.    E.    M..    from    Universal    Steel    Co..    Bridgeville.    Pa.,    to    348 

W.    College    St.,    Canonsburg.    Pa. 
HARTMAN.    Wm.    C.    from    425    Avenue    B.    Bethlehem.    Pa.,    to    616    S. 

Catalina   Ave.,   Redondo   Beach,    Cal. 
HEISE,    A.    R..    from    New    Departure    Mfg.     Co.,    to    General     Delivery, 

Bristol,    Conn. 
HERB,  J.  W..   from  729  Washington   Street,   Easton,   Pa.,  to  98  Washington 

St.,    Phillipsburg,    N.   J. 
HINDE,   WILFRED,    from   Y.    M.    C.    A.,   Molinc.   to  638    Forty-third    St.. 

Rock   Island.   III. 
HOAGLAND.    F.    O..    from    Reed-Prentice    Co..    Worcester.    Mass.,    to    Saco 

Lowell    Shops.    Lowell.    Mass. 
HOGAN.   E.   J.,    from  2609   N.   Main    St..   to   Box    1227.    Hughes   T.x.l    Co. 

Houston,    Tex. 
HOWE.    H.   A.,    from   4870   Edmonton    Ave.,    Detroit,   to   2218    W.    11th    St., 

Terre    Haute,    Ind. 
JARDINE,    ROBT.,    from    Rich    Tool    Co.,    Chicago,    to    709    Kresge    Bldg . 

Detroit.   Mich. 
JONES.    A.    R..   from   425   E.   Water    St..    Milwaukee,    to    Interstate    Iron    & 

Steel   Co..   1401    Monroe  Bldg,,   Chicago,   111. 
JONES.    R.    H..    from    1400    Portland    Ave.,    to   3016   29th    Ave.    S..    Minne- 
apolis,   Minn. 
KRUMM.    S.    Z..    from    Case    School    of    Applied    Science    to    4912    E.    84th 

St..    Cleveland.   O. 
LASCHUK,    S.,    from   7i?>    S.    Karlov   Ave.,    to    1644    Augusta.    Chicago.    Ill 
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ON   TO    PITTSBURGH 

THE  Animal  convention  of  the  American  Society  tor  Steel 
Treating,  to  be  held  in  Pittsburgh  the  week  of  October  8, 
gives  promise  of  being  the  best  attended  of  any  of  the  four  pre- 
vious annual  meetings.  The  large  percentage  of  members  at- 
tending is  remarkable,  and  has  occasioned  much  favorable  com- 
ment. It  is  doubtful  if  any  other  technical  society  holding  an- 
nual meetings,  has  as  large  a  j^ercentage  of  its  members  present. 
There  must  be,  and  is,  a  reason  for  this.  It  is  because  those  who 
have  once  attended  find  the  accruing  benefits  so  voluminous  and 
worth  while  that  it  would  be  the  height  of  indifference  to  remain 
away.  Not  only  have  the  attendants  found  there  meat  and  satis- 
faction in  the  programs  presented,  but  the  International  Steel 
exposition  has  always  made  a  very  lasting  impression.  Its  educa- 
tional value,  and  the  wonderful  possibilities  of  observing  at  first 
hand  the  latest  and  best  products,  materials  and  equipment  for 
their  use,  serves  as  a  magnet  to  draw  them  Ijack  to  another  con- 
vention. Nothing  worth  while  is  absent  from  the  exposition, 
because  all  progressive,  wide  awake,  firms  are  exhibiting.  They 
represent  the  leaders  in  their  lines  just  as  those  in  attendance 
represent  the  leadership  in  the  intellectual  metallurgical  thought 
of  the  country. 

The  annual  meeting  of  the  best  minds  at  the  A.  S.  S.  T. 
convention  is  becoming  more  and  more  recognized  as  an  essential 
part  of  the  year's  work.  With  the  program  and  the  exposition 
increasing  both  in  quality  and  scope,  the  general  benefits  will  of 
course  be  greatly  enlarged,  and  the  attendance  should  exceed  the 
20.000  that  visited  Detroit  last  year.  Those  who  have  attended 
previous  conventions  will  be  at  Pittsburgh ;  those  who  have  not. 
owe  it  to  them.selves,  to  step  out  with   the  leaders. 
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TILLMAN   DAVIS   LYNCH 

National   President  of  ihe   American   Society   for   Steel  Treating 
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ALL  HONOR 

ONE  quite  frequently  hears  the  statement  made  that  those  in- 
dividuals who  prepare  papers  for  puhlication  do  so  with  an 
ulterior  motive,  in  an  endeavor  to  secure  for  themselves  a  large 
quantity  of  free  advertising.  Never  was  there  a  more  unjust 
statement  made  with  reference  to  those  conscientious  individuals 
who,  because  of  ability  and  facilities  are  able  to  carry  on  research 
work  in  the  line  of  their  chosen  occupations.  Out  of  approximately 
three  thousand  members  of  the  A.  S.  S.  T.  only  eight  per  cent 
are  represented  as  contributors  of  papers  for  the  annual  meetings 
or  before  local  chapters.  \Miile  there  is  no  doubt  that  fifty  per  cent 
of  the  membership  is  capable  of  preparing  interesting  articles  upon 
various  phases  of  the  work  in  which  they  are  engaged,  forty-two 
per  cent  have  failed  to  embrace  the  opportunity.  Those  contribu- 
tors to  the  various  technical  sessions  of  our  society  are  conscious 
of  the  fact  that  money  is  not  able  to  repay  them  for  the  amount 
of  time,  energy  and  effort  necessary  in  the  preparation  of  the 
work.  If  it  is  true,  as  many  have  been  known  to  state,  that  it  is 
so  profitable  from  financial  and  advertising  viewpoints  to  contribute 
papers  to  technical  organizations,  then  it  is  surprising  that  a  larger 
percentage  does   not   avail   itself   of   this   golden   opportunity. 

There  is  no  doubt  that  the  preparation  and  pre  entation  of  a 
paper  stamps  the  author  as  a  progressive,  live,  wide  awake  and 
dependable  thinker;  an  individual  who  is  capable  of  preparing  a 
piece  of  research  work,  carrying  it  to  a  successful  conclusion  and 
correlating  his  facts  in  a  presentable  and  understandable  manner 
and  consequently  his  prestige  and  influence  in  the  profession  i.s 
corresjwndingly    increased. 

We  should  all  bear  in  mind  that  we  owe  a  great  debt  of  grat- 
itude to  those  individuals  who  are  willing  t«i  give  to  the  world 
the  results  of  their  own  investigations.  •  Thi.^  willingness  at  once 
stamps  them  as  above  the  ordinary  type  of  individual  who  thinks 
and  labors  only  for  himself.  And  so  we  say  "All  Honor"  to  those 
who  have  prepared  and  are  presenting  papers  for  the  various  tech- 
nical sessions  of  the  A.  S.  S.  T. 
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RESEARCH  AND  ITS  APPLICATION 
By  T.  D.  Lynch 

THE  term  "research"  creates  a  vision  of  something  new,  the 
study  and  unfolding  of  prohlems  hitherto  unknown,  or  at 
least  not  well  known.  This  conception  of  research  is  quite  cor- 
rect so  far  as  it  goes,  but  to  the  practical  manager,  the  addition 
of  the  further  important  factor,  the  application  of  research  to  com- 
mercial problems,  is  made.  W'e  may,  therefore,  divide  research  into 
two  main  headings,  namely,   scientific  and   practical. 

Scientific  Research  usually  involves  problems  without  known 
theories  and  laws,  or  but  little  known,  and  requires  a  careful  study 
of   fundamentals  through  extensive  experimentation. 

Practical  Research  comprises  the  application  of  the  new  laws 
and  theories  developed  by  the  pure  scientist,  the  correlation  of  all 
known  data  discovered  and  the  employment  of  it  in  a  specific 
manner,  and  thus  render  it  useful   for  the  service  of   man. 

Scientific  research  without  its  practical  application  will  carry 
us  about  as  far  as  a  locomotive  without  steam.  It  is.  therefore, 
the  object  of  this  article  to  bring  to  the  members  of  the  American 
Society  for  Steel  Treating,  a  picture  of  the  possibilities  and  benefits 
that  may  be  derived  by  the  meml^ers  who  attend  local  chapter  meet- 
ings, the  annual  convention  and  exhibition,  who  read  Transactions 
and  then  take  the  initiative  in  the  problems  that  come  to  their  in- 
dividual plants,  within  the  scope  of  the  activities  of  each  individual, 
by  making  sure  that  the  proper  materials  are  ordered  and  received, 
and  then  correctly  processed  and  judiciously  applied.  It  has  been 
said  that  what  we  call  "initiative"  in  a  business  man  is  called  "skill" 
in  a  great  surgeon.  This  is  equally  true  of  the  making  or  the 
heat  treating  of  steel.  It  is  knowing  the  next  move  and  moving 
at  the  right  time. 

\\'e  need  sound  theory,  constructive  practice,  efificient  organiza- 
tion, good  tools  and  equipment,  and  proper  materials,  all  of  which 
must  be  planned  logically  and  executed  efficiently — the  proper  se- 
quence for  the  efficient  operations.  \Mien  so  equipped,  the  heat 
treater  is  in  a  position  to  produce  consistent  results.  He  has 
learned,  by  bitter  experience,  the  need  for  uniform  steel  and  by 
insistance  he  should  l)e  able  to  secure  it  by  the  adoption  of  proper 
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sptnlkations.  and  rijL,M(|  insptrtioii.  Research  and  the  ])ractical 
apphcatioiis  of  chemistry  and  nietaUurgy  luivc  shown  a  detinite 
procedure  in  the  manufacture  of  steel  necessary  to  obtain  the  type 
and  grade  needed — and  to  obtain  it  l^y  a  commercial  process. 

Metallography  has  also  played  a  very  important  part  in  de- 
termining the  best  treatment  for  steels  utilized  to  serve  a  given 
purpose.  The  grain  size  and  structure,  together  with  the  chemical 
composition  and  physical  proi)erties,  have  been  very  imix)rtant 
factors  in  this  development.  The  scientist  has  been  correlating 
and  using  such  data  for  some  years,  until  at  this  time  the  structure 
of  steel  that  can  be  obtained  by  heat  treatment,  has  become  so 
well  established  that  the  practical  heat  treater  at  the  furnace  has 
begun  to  realize  the  true  value  and  importance  of  grain  structure 
and  to  realize  that  it  is  quite  practical  for  him  to  maintain  such 
temperatures  and  surrounding  conditions  as  will  produce  the  de- 
sired structure  and  corresponding  physical  properties. 

The  conditions  of  melting,  refining,  tapping  and  pouring  of 
steel,  especially  the  finer  grades,  are  being  studied  and  the  proper 
methods  and  materials  necessary  to  obtain  the  best  quality  are 
being  worked  out ;  also  the  proper  working  temperature  and  amount 
of  reduction  at  the  rolls  or  forge  required  to  produce  the  best 
quality   of    each   type   are   being   determined. 

Many  of  the  more  important  steel  manufacturers  are  alert 
to  this  growing  need  and  there  is  apparently  a  great  opportunity 
for  the  individual  members  of  the  American  Society  for  Steel 
Treating  to  assist  in  solving  the  problem  of  the  best  steel  and 
treatment    for   dififerent   applications. 

The  design  engineers  of  the  present  day  find  it  necessary 
to  stress  their  materials  far  in  excess  of  that  formerly  considered 
good  practice  and  in  view  of  this  the  material  must  be  of  the  very 
highest  order.  It  is  quite  necessary  that  they  be  assured  that  the 
material  is  as  specified,  in  order  to  have  it  work  safely  at  these  ad- 
ditional  stresses. 

It  is  needless  to  say  that  from  a  commercial  point  of  view,  the 
manufacturer  of  steel,  the  manufacturer  of  machinery  and  the 
user  of  these  products  must  find  in  them  a  commercially  practical 
application  and  in  our  opinion  this  type  of  practical  research  is  the 
type  that  the  American  Society  for  Steel  Treating  should   devote 
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its  attention  to.  through  its  National  Research  committee  in  con- 
junction with  the  research  committees  of  the  local  chajjters.  There 
surely  is  a  great  field  for  this  work  and  there  is  no  odier  organiza- 
tion so  well  qualified  to  carry  on  this  work  as  the  American  Society 
for  Steel  Treating.  It  is  our  sincere  hope  that  especially  those  men 
connected  with  our  different  research  committees  will  keep  this  in 
mind  and  prepare  and  discuss  papers  before  our  local  chapters,  our 
annual  convention,  and  publish  them  in  Transactions. 


HOTEL  RESERVATIONS   FOR  THE  CONVENTION 

FOR  the  benefit  of  those  who  have  not  as  yet  made  iheir  hotel 
reservations  during  the  period  of  the  annual  convention  in 
Pittsburgh,  October  S  to  12  inclusive,  we  are  once  more  publishing 
the  list  of  the  principal  hotels  in  Pittsburgh. 

In  writing  to  the  hotel  please  state  the  price  and  kind  of  room 
you  wish,  and  request  them  to  acknowledge  your  communication 
confirming  the  reservation  and  price. 

In  case  you  have  difficulty  in  securing  the  accommodations 
you  wish,  a  communication  addressed  to  the  chairman  of  the 
hotels  committee,  R.  E.  Polk,  chief  industrial  engineer,  Equi- 
table Gas  Co..  Pittsburgh.  Pa.,  will  receive  prompt  attention. 

List  of  Pittsburgh  Hotels 

William  Penn 

(Headquarters) 

375     Rooms     with     bath,     2     persons,     Rate     $3.50-5.00      each 
375     Rooms     with     bath.     1     person,       Rate       4.00-8.00 


Fc 

)rt  Pitt 

190 
100 
190 
100 

Rooms 
Rooms 
Rooms 
Rooms 

with     bath,     2 
without  bath,  2 

with     bath,     1 
without  bath,  1 

persons, 
persons, 
person, 
person. 

Rate 
Rate 
Rate 
Rate 

$2.50-5.00 
2.50 

3.50-9.00 
3.00 

each 
each 

Hotel  Henry 

12 
12 

24 

Rooms 
Rooms 
Rooms 

with     bath,     4 
with     bath,     2 
with     bath,     1 

persons, 
persons, 
person. 

Rate 
Rate 
Rate 

$2.50 
3.00 
4.00 

each 

each 

up 
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WILLIAM    PENN    HOTEL 
Where    the    Morning    Technical    Sessions    Will     15e    Held 


Anderson  Hotel 

20     Rooms     with     bath,     4     persons,     Rate  $2.50              each 

24     Rooms  without  bath,  4     persons,     Rate  2.00               each 

10     Rooms  without  bath,  2     persons.     Rate  2.50               each 

20     Rooms  without  bath,   1     person.       Rate  3.00 


General  Forbes 


17  Rooms     witli     Iiatli,     4 

9  Rooms     with     bath,     2 

24  Rooms  without  bath,  2 

25  Rooms     with     bath,     1 


persons. 

Rate 

$2.00 

each 

persons. 

Rate 

3.00 

each 

persons. 

Rate 

1.50 

each 

person. 

Rate 

4.00 

up 
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Seventh   Avenue   Hotel 


14  Rooms  with  bath,  4  persons,  Rate  $2.50-3.00  each 
10  Rooms  with  bath,  2  persons,  Rate  2.50-3.00  each 
20     Rooms  without  bath,  2     persons,     Rate       2.00-2.50       each 


Pittsburgh   Natatorium 

(For  gentlemen  only) 

175     Rooms,  with  swimming  pool,  cots,   1   person,    Rate     $2.00 


Monongahela  House 

10     Rooms     with     bath,     2     persons,     Rate     $3.00  each 

40     Rooms  without  bath,  2     persons,     Rate      2.00  each 


Schenley  Hotel 


5  Rooms     with     bath,     4 

10  Rooms     with     bath,     2 

10  Rooms  without  bath,  2 

10  Rooms     with     bath,     1 

10  Rooms  without  bath,  1 


persons, 

Rate 

$3.00 

each 

persons, 

Rate 

4.00 

each 

persons. 

Rate 

3.00 

each 

person. 

Rate 

7.00 

person. 

Rate 

4.00 

Rittenhouse  Hotel 

25     Rooms     with     bath,     2     persons,     Rate     $2.00-3.00      each 
20     Rooms     with     bath,     1     person,       Rate       3.00-4.00 


Y.  M.  C.  A.,  East  Liberty 

10     Rooms  without  bath,  1     person,       Rate     $2.00 

Negri  Hotel 

25     Rooms     with  '  bath,     1     person.       Rate     $3.00 

New  Sixth  Avenue 


15 

Rooms 

with     bath. 

2 

persons. 

Rate 

$3.00-4.00 

each 

15 

Rooms 

without  bath. 

2 

persons. 

Rate 

2.50-3.00 

each 

10 

Rooms 

with     bath. 

1 

person. 

Rate 

3.00 

5 

Rooms 

without  bath. 

1 

person. 

•Rate 

2.00-3.00 

Chatham   Hotel 


5 

Rooms 

with     bath. 

4 

persons. 

Rate 

$2.00 

each 

20 

Rooms 

with     bath. 

2 

persons, 

Rate 

3.00-5.00 

each 

20 

Rooms 

without  bath, 

2 

persons, 

Rate 

2.50-3.00 

each 

15 

Rooms 

with     bath, 

1 

person, 

Rate 

3.00 
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PITTSBURGH   CONVENTION   COMMITTEES 

Genkral  Chairman 
J.    Trautman,    Jr. 

Representatives  of  Board  of  Directors  A.   S.   S.  T. 
T.   D.  Lynch,   W.   H.   Eisenman. 

Meetings   and    Papers   Committee 
Prof.    Stephen    L.    Goodale,    Chairman. 
P.  J.   Neely,  Frank  Garrett,  J.   M.   Camp,  W.  A.   Mathias.   R.   D.    McMillen, 
J.    W.    Weitzenkorn,    C.    M.    Johnson,    and    Phiroz    Kutar. 

Finance  Committee 
Roy     C.     McKenna,     chairman. 
FJoyd  Rose,   Harry   A.   Kraeling,   Dr.    B.   D.   Saklatwalla. 

Entertainment  Committee 
N.    B.    Hoffman,    chairman. 
H.  A.   Bathgate,   W.   A.   Carter,   M.   W.   Cartrthers.    Roy    H.    Davis,    Edward 
H.   Fischer,    Floyd   B.    Bowman,   R.   D.   Fennel,    D.    R.    Loughrey,    L.    A. 
Way,    DuRay    Smith.    W.    J.    Prestley,    W^   I.    Mclnnerney. 

Ladies'  Entertainment 
J.    A.    Succop,   chairman. 
R.    R.    Arts,   W.    C.    Emery,    M.    F.    McOmber,    T.    S.    Tung,    John    Ludwig, 
Geo.    Hopkins. 

Local    Exhibition    Committee 
Walter   Buechner,   chairman. 
Hugh    Rodman,    J.    B.    Moore,    D.    C.    Bakewell,    Frank    A.    Bond,    H.    R. 
McMahon,    R.    H.     Pauley,    D.    H.    Horn,    Harry    S.     Hunter,    G.    L. 
Kronfeld,    Harrv    L.    Barr,    W.    H.    Phillips.    R.    C.    HeasletA.    F.    C. 
Riddle. 

Information    Committee 

D.    W.    McDowell,    chairman. 

J.  J.  Jones,  Geo.  L.  Leffler,  H.  L.  Walker,  S.  B.  Phelps  and  B.  F.  Weston. 

Transportatio.n   Committee 
Wallace  B.  Crowe,  chairman. 
C.   I.   Neidringhaus,   A.   M.   Cox,   B.   L.  Jarrett,  and    H.    C.   Loudenbeck. 

Hotels    Committee 
R.   E.   Polk,   chairman. 
R.   S.   Bedworth,   R.  W.   Dalrymple,   C.   K.   Dunmeyer,   Wm.   J.   Linderfelder, 
Q.    S.    Snyder,   J.   W.   Taylor,    Clarence   E.    Wise,    F.    M.    Warring,    and 
E.    C.   Cook. 

Publicity   Committee 
A.   M.   Staehle,  chairman. 
H.   L.   Walker,    Secretary   General    Committee,    1521    Monterey    Street,    Pitts- 
burgh. 
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J.     A.     SUCCOP 

Ladies    Entertainment 
Committee 


W.      A.      BUECHNER 
Local   Exhibition    Committee 

SOME    OF    THE    CHAIRMEN    OF    THE    PITTSBURGH    LOCAL 
'     '  CONVENTION    COMMITTEE 
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OUTLINE  OF  EVENTS 
FIFTH   ANNUAL   CONVENTION   A.   S.    S.   T. 

All  morning  technical  sessions  will  ho  held  in  the  hail  room  of  the  Wil- 
liam Penn  Hotel.  The  afternoon  sessions  will  he  held  in  the  meeting  room 
at  Motor  Square  Garden. 

Monday,  October  8th 
10:00  A.  M. — Technical  Session,  Ball  Room.  Wm.  Penn   Hotel. 
1:00  P.   M. — Exposition  Opens.     Registration  Begins. 
3:30  P.   M. — Technical   Session,   Motor   Square    Garden. 
7:00  P.  M. — Moving  Pictures. 

Exposition  open  from  1:00  P.  M.  to   10:00   P.   M. 

Tuesday,  October  9th 
9:30  A.   M. — Technical   Session,  Ball   Room,   Wm.   Penn   Hotel. 
12:10  P.   M. — Plant  Visitation,   Westinghouse   Electric   &   Mfg.   Company. 
1 :00  P.  M. — Exposition  Opens. 

3:30  P.   AI. — Round  Table  Discussion,  Motor  Square  Garden. 
7:00  P.  M.— Moving  Pictures. 

9:30  p.   M.- — Smoker  and  Entertainment.  Ball  Room.  Wm.  Penn  Hotel. 
Exposition  open  from  1:00  P.  M.  to   10:00  P.   M. 

Wednesday,  October  10th 
9:30  A.   M. — Annual    Meeting    of    the    Societv.    Ballroom  William    Penn 

Hotel.  ■       • 

1.00  P.  M. — Exposition    Opens. 

2.00  P.   M. —  Plant   Visitation.    Homestead   Works,    Carnegie   Steel    Co. 
3:30  P.  M. — Round    Table    Discussion    and    Technical    Session,    Motor 

Square  Garden. 
7:00  P.   M.— Moving  Pictures. 
9:30  P.   M.— Annual  Dance.  Ball  Room.  Wm.  Penn  Hotel. 

Exposition  open  from  1:00  P.  M.  to  10:00  P.  M. 

Thursday,    October    11th 
9:30  A.   M. — Technical   Session,    Ball   Room.    Wm.    Penn    Hotel. 
10:00  A.  M. — Exposition   Opens. 

2:30  P.  M. — Hardness  Testing   Symposium.   Motor   Square   Garden. 
5:30  P.  M. — Exposition  Closes. 

6:30  P.  M. — Annual  Banquet  of  the  American  Society  for  Steel  Treating, 
English   Room,    Fort    Pitt    Hotel.      Tickets    at    Registration 
Desk. 
Exposition  open  from  10:00  A.  M.  to  5:30  P.  M. 

Friday,  October  12th 
9:30  A.  M. — Technical    Session,   Ball    Room,    \\'m.    Penn    Hotel. 
10:00  A.  M. — Exposition  Opens. 

12:00  M.— Plant  Visitation.  National  Tul)e  Works,  McKeesport,  Pa. 

2:30  P.   M. — Symposium   on    Metallurgical    Education. 
7:00  P.   M. — Moving  Pictures  and   Band  Concert. 

Exposition  open  from  10:00  A.  M,  to  10:00  P.  M. 
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LADIES'  ENTERTAINMENT 

Ladies'   headquarters   will  be   at  the   Wm.    Penn    Hotel.     Visiting  ladies 
should  report  at  headquarters  as  soon  as  possible  after  arrival  in  the  city 
and  indicate  in  which  activities  they  desire  to  participate. 
Before  all  trips,  visits  or  parties,  the  ladies  will  first  meet  at  their  head- 
quarters in  the  Wm.  Penn  Hotel. 

Monday,  October  8th 
No  special  activity  is  planned  for  the  ladies  on   Monday,  the  time  being 
left  open  in  order  that  they  may  familarize  themselves  with  the  shopping 
district  as  well  as  visit  the  exposition. 

Tuesday,  October  9th 
2:00  P.  M. — Auto  Ride  to  Points  of  Interest  in  and  about  Pittsburgh. 
M. — Theatre  Party. 

Wednesday,  October  10th 
M. — Luncheon    and    Trip    of    Inspection   Through    Heinz    Pickle 

Factory. 
M. — Annual   Dance  of  the   American   Society   for   Steel   Treating 
in  the  Ball  Room  of  the  Wm.  Penn  Hotel. 
Thursday,   October   llth_ 
M. — Auto  Ride. 

M. — Ladies  are  invited  to  participate  in  the  Annual  Banquet 
of  the  American  Society  for  Steel  Treating  to  be  held  in 
the  English  Room,  Fort  Pitt  Hotel. 


8:00 

P. 

2:00 

9:30 

P. 

2:00 

P, 

6:30  P. 

TENTATIVE      PROGRAM,      FIFTH      ANNUAL      CONVENTION, 

AMERICAN    SOCIETY    FOR    STEEL    TREATING, 

PITTSBURGH.   OCTOBER  8-12,    1923 

Note:     Registration  begins  at  1  p.m.  at  Registration  Desk,  Motor  Square 
Garden. 

MONDAY,  OCTOBER  8 
Morning    Session 
Meeting   in   Ball   Room,   William   Penn    Hotel. 

10 :00  A.  M.— Chairman    W.  J.  Merten 

Address    of    Welcome    J.    Trautman,    Jr. 

Welcome   to    Pittsburgh    Mayor    Wm.    Magee 

Response Pres.  T.  D.  Lynch 

Technical    Session 
The  Manufacture  of  Automobile  Leaf  Springs — C.  G.   Shontz, 

Metallurgist.    Perfection    Spring    Company,    Cleveland. 
Metallography    and     Testing    of    Oxyacetylene     Welds — J.     R. 
Dawson,    Research    Metallurgist,    Union    Carbide    &    Carbon 
Research    Laboratories,    Inc.,    Long    Island    City,    N.    Y. 
Some    Observations    on     Furnaces    and    Fuels.    Including    the 
Electric    Furnace    for    Heat    Treating — E.    F.    Collins,    Con- 
sulting   Engineer,    General    Electric    Company,    Schenectadv, 
N.    Y. 
The     Tempering     of     Tool     Steels— J.     P.     Gill     and     L.     D. 
Bowman,    Metallurgists,    Vanadium    Alloys    Steel    Company, 
latrobe.    Pa. 
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Abnormal  Grain    Growth    in    Cold  Rolled  Lou:  Carbon    Steel — 
V.  E.  Hillman  and  F.  L.  Coonan,  Metallurgist  and  Assistant 
Metallurgist.     Crompton    &    Knowles     Loom     Works,     Wor- 
cester,  Mas.      (To   be   presented   by   title.) 
Afternoon   Session 
1  :00  P.  M. — Exposition   opens. 
3  :30  P.  M. — Technical   Session — Motor   Square  Garden. 

The    Annealing    of   Sheet    Steel — Francis    G.    White,    Metallur- 
gical   Engineer.    National    Enameling    &    Stamping    Company, 
Granite    City,    111. 
Sheet    Steel   for   Automotive    Purposes — Harry    Martin,    Metal- 
lurgical- Department,    Dodge   Bros.,    Detroit. 
The    Manufaeture     of     Sheet    Steel — J.     H.     Nead,     Research 
Metallurgist.   American    Rolling   Mills    Companv,   Middletown, 
Ohio. 
Automobile  Sheet  Steel  Specifieations — H.  M.  Williams,  Metal- 
lurgist. General  Motors   Research  Corporation,  Da>"ton,  Ohio. 
Evening    Session 
Exposition    open    until    10    p.m. 
7:00  P.  M.— Moving    Pictures. 

TUESDAY,  OCTOBER  9 
Morning    Session 
Meeting    in    Ball    Room.    William    Penn    Hotel. 
9  :30  A.  M. — Technical    Session. 

Measurement    of    Carbon    Penetration    in    Carburized    Steels — 
S.    P.    Rockwell,    Consulting    Metallurgist,    Hartford,    Conn., 
and     Frederick     Downs,     Chemist,     New     Britain     Machine 
Company,    New    Britain,    Conn. 
Case    Hardening    and    Other   Heat    Treatments    as    Applied    to 
Gray     Cast     Iron — H.     B.     Knowlton,     Instructor,     Central 
Continuation     School,     Milwaukee,     Wis. 
The    Influence    of    Barium    Carbonate    upon    Wood    Charcoal 
X    used    for    Cementation — B.    F.    Shepherd,    Metallurgical    De- 
partment,    Ingersoll-Rand     Company,     Phillipsburg.     N.    J. 
Protective   Coatings  for  Selective   Carburization — J.    S.   Vanick 
and  H.   K.   Herschman,   Metallurgist  and  Assistant   Physicist, 
Bureau    of    Standards,    Washington. 
Investigation   of  the    Treatment   of  Steel  for   Permanent  Mag- 
nets— R.  L.  Dowdell,  Instructor  in  Metallography,  University 
of   Minnesota,   Minneapolis,   Minn. 
The    Thermal    Treatment    of    the    Light    Alloys    of    Aluminum 
and    Copper — A.     M.     Portevin     and    Francois     LeChatelier, 
Paris,    France.      (To   be   presented   by    title). 
Afternoon   Session 
12:10  P.  M. — Plant    Visitation.    Westinghouse    Electric   &    Manufacturing    Co. 
1  :00  P.  M. — Exposition    opens. 

3 :30  P.  M. — Round    Table    Discussion    under    Direction    of   Standards    Com- 
mittee.  Motor    Square  Garden. 

Chairman R.    M.    Bird 

Evening    Session 
Exposition   open    until    10   p.m. 
7:00  P.  M.— Moving    Pictures. 

9:30  P.  M. — Annual    Smoker  and   Entertainment.   Ball   Room,   William   Penn 
Hotel. 
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WEDNESDAY,  OCTOBER  10 
Morning    Session 

Annual  Meeting  of  the  Society,  Ball  Roirtii.  William  Penn 
Hotel. 

9 :30  P.  M.— Chairman    T.    D.    Lynch 

Report    of    Tellers   of   Election    C.    G.    Shontz 

President's    Address    T.    D.    Lynch 

Report    of    Treasurer    J.    V.    Emmons 

Report   of   Secretary    W.    H.    Eisenman 

Report  of  National  Committees 

Standards    R.    M.    Bird 

Constitutions    and    By-Laws    S.    M.    Havens 

Report   of    Chapter   Delegates 

Afternoon    Session 

1  :00  P.  M. — Exposition   opens. 

2:00  P.  M. — Plant  Visitation,   Homestead  Works,    Carnegie   Steel    Company. 
3 :30  P.  M. — Round    Table    Discussion    and    Technical    Session    on    Heavy 
Forgings,    Motor    Square    Garden. 
The  Manufacture  of  Heavy  Forgings — W.  R.  Klinkicht,  Fore- 
man,    Heat     Treating    Department,     Pollak     Steel     Company, 
Cincinnati. 
Determining  Heat   Treating    Costs — H.   F.   Wood,   Metallurgist, 
Wyman-Gordon     Company,     Ingalls-Shepard    Division,     Har- 
vey,  111. 
Spark    Testing    of   Steel— Don    Stacks,    Consulting    Metallurgi- 
cal   Engineer,    Hartford,    Conn. 
Sonic    Fundamental    Defects    of    Hardened    Steels — Dr.    Leslie 
Aitchison,  Birmingham,  England. 
(To  be  presented  by  title). 

Evening   Session 

Exposition    open    until    10 :00   P.    M. 
7:00  P.  M. — Moving    Pictures. 
9:30  P.  M.— Informal   Dance,    Ball    Room,    William    Penn    Hotel. 

THURSDAY,  OCTOBER   11 

Exposition  opens,  at    10:00  A.    M. 
9 :30  P.  M. — Technical    Session,    Ball    Room,    WiUiam    Penn    Hotel. 

Chaiirman     H.    M.    Boylston 

Effect  of  Heat  Treatment  on  Lathe  Tool  Performance  and 
Some  Other  Properties  of  High-Speed  Steels — H.  J.  French, 
Physicist.  Bureau  of  Standards,  Washington,  Jerome 
Strauss,  Materials  Engineer,  U.  S.  Naval  Gun  Factory, 
Washington,  and  T.  G.  Digges,  Assistant  Physicist,  Bureau 
of    Standards,    Washington. 

Secondary  Hardness  in  Austeniticed  High  Chromium  Steels — 
E.  C.  Baiin,  Research  Metallurgist,  Atlas  Steel  Corporation, 
Dunkirk,    N.    Y. 

The  Hardening  of  Steel — Zay  Jeffries  and  R.  S.  Archer, 
Research  Bureau,  Aluminum  Company  of  America,  Cleve- 
land. 

Crystallisation     of     Iron     and     Its     Alloys — Albert    Sauveur, 
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Professor    of    Metallurgy.     Harvard    University,    Cambridge, 
Mass. 
X-Ray    Examinations    of    Steel    Castini/s — F.    C.    Ijangenberg, 
Metallurgist,    Watertown    Arsenal,    Watertown,    Mass. 

Afternoon   Session 

2:30  P.  M. — Technical    Session,    Motor    Square    Garden.      Hardness    Testincj 
Syinpusiiini,    Xational    Research    Council.    Maj.   A.    K.    Bellis, 
Chairman. 
The  Hardness  of  "Common  High"  Sheet  Brass — A.   L.   Davis, 

Metallurgist,    Scovill    Mfg.    Company,    Waterbury,    Conn. 
Magnetic   Indications   of   Hardness   and   Briltleness — A.   V.   de- 
Forest,     Research     Department,     American     Chain     Company. 
Bridgeport,    Conn. 
Testing   of  Steel  for  Hardness — H.    M.    German,    Metallurgist, 
Henry    Disston    &    Sons,    Inc.,    Philadelphia. 
5:30  P.  M. — Exposition   closes. 

Evening   Session 

6:30  P.  M. — Annual  Banquet  of  the  American  Society  for  Steel  Treating, 
English  Room,  Fort  Pitt  Hotel.  Tickets  at  Registration 
Desk. 

FRIDAY,    OCTOBER    12 
Morning   Session 

Exposition   opens    at    10:00   A.    M. 
9:30  A.  M.^Technical    Session,    Ball    Room,    William    Penn    Hotel. 

Chairman    Paul   D.   Merica 

Salt  Baths  and  Containers — Sam  Tour.  Metallurgist.  Doehler 
Die    Castings    Company,    Brooklyn,    N.    Y. 

The  Physical  Properties  of  Metals  at  Elevated  Temperatures 
— Vincent  T.  Malcolm,  Metallurgist,  Chapman  Valve  Mfg. 
Company,    Indian    Orchard,    Mass. 

The  Ageing  of  Steel — \V.  P.  Wood,  Department  of  Metal- 
lurgy,   University   of    Michigan,    Ann    Arbor,    Mich. 

Conical  Illumination  in  Metallography— H.  S.  George,  Union 
Carbide  &  Carbon  Research  Laboratories,  Inc.,  Long  Island 
City,    N.    Y. 

Carbon  and  Carbon — Vanadium  Steel  Castings — .1  comparison 
—J.  M.  Lessells.  Metallurgist  Engineer,  Westinghouse  Elec- 
tric   &    Manufacturing    Company,    East    Pittsburgh. 

The    Theory  of   Quenching   in   Steels — Kotaro   Honda,    Tohoku 
Imperial    University,    Sendai,    Japan.      (To    be    presented    by 
title). 
12:00  M.— Plant    Visitation,    National    Tube    Works,    McKeesport,    Pa. 

Afternoon    Session 

2 :30  P.  M. — Motor    Square    Garden. 

Symposiu)n    on    Metallurgical   Education. 

Chairman    Prof.    S.    L.   Goodale 

Evening    Session 

7:00  P.  M.— Band    Concert. 
10:00  P.  M.— Exposition    Officially    Closes. 
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LIST    OF    EXHIBITORS    AND    WHAT    THEY    WILL    EXHIBIT 
AT    THE    INTERNATIONAL    STEEL    EXPOSITION,    PITTS- 
BURGH,  OCTOBER   8-12,    1923 

Air  Reduction  Sales  Co.,  New  York  City.  Space  137  will  exhibit: 
apparatus  and  supplies.  Airco-D-B  specially  designed  machines  for 
oxyacctylene    cutting. 

In    charge    of    booth:     H.    H.    Melville. 

American    Car    &    Foundry   Company,    New    York   City.     Space    69    will 

exhibit : 

One,  No.  3  Three-Electrode  Berwick  Electric  Rivet  Heater  for  heat- 
ing rivets  up  to  Ij/^  inches  in  diameter  and  of  any  length  up  to  7^ 
inches. 

One,  No.  4  Two-Electrode  Berwick  Electric  End-Rod  Heater  for  heat- 
ing any  size  and  diameter  rod  up  to  Ij^  inches  in  diameter  and 
giving  any   length   of   heat  desired   up   to  8  inches. 

One,    4    foot    Rod    Heater    for    heating    any    diameter    rod    up    to    1% 
inches,  length  of  heat  4  feet. 
In  charge  of  booth:   John   S.   Helt,   Wilson   Helt   and   F.   C.   Cheston. 

American  Gas  Furnace  Company,  Elizabeth,  N.  J.     Space   S105  will  ex- 
hibit: 
Complete  line  of  products. 
In    charge   of   booth :    P.   C.    Osterman. 

American   Tool    Works    Company,   Cincinnati.     Space    92    will    exhibit: 
Lathes,    Planers,    Shapcrs,    Radial    Drills,    etc. 

American    Stainless    Steel    Company,    Pittsburgh.     Space    SI  16    will    ex- 
hibit: 
Articles    made    from    stainless    steel. 
In  charge  of  booth:     John   C.    Neale. 

Armstrong    Blum    Mfg.    Company,    Chicago.     Space    78    will    exhibit: 
"Marvel"    Hack    Saw    Machines;    Automotive    High-Speed    Saw,    Metal 
Band    Saw,    Punching,    Shearings    and    Bending    Machine. 

In   charge   of   booth:      Harry    J.    Blum,    secretary    and    George    J.    Blum, 
vice   president. 

Armstrong  Cork  &  Insulation  Company,  Pittsburgh.     Space   52  will  ex- 
hibit: 
Nonpareil    Insulating   Brick   for   furnaces,   ovens,    etc. 
Nonpareil  High  Pressure   Covering,   blocks  and  cement   for  steam  lines 

and   other   heated   equipment. 
Nonpareil    Cork    Covering   for   refrigerated    lines   and    tanks. 
Nonpareil  Corkboard  for  cold  storage  and  constant  temperature  rooms. 
Linotile   and   Armstrong's    Cork    Tile   for    floors. 
In  charge   of  booth:      R.   S.   Findley,   L.   W.   Bertelscn   and   F.   C.   Young. 

E.    C.    Atkins    &    Co.,    Indianapolis,    Ind.     Space    123    will    exhibit: 

Complete  line  of  metal-cutting  saws  which  includes  KWIK-KUT 
power  hack  saw  machine,  metal  band  saw  machine,  circular  metal- 
cutting  saws,  metal-slitting  saws,  hack  saw  blades,  hack  saw  frames 
and  Cantol  belt  wax.  Metal-cutting  machines  will  be  in  opera- 
tion. Free  samples  of  Cantol  belt  wa.x  will  be  distributed. 
In  bharge  of  booth:  Edward  S.  Norvell.  manager,  metal-cutting  de- 
partment;   W.    R.    Chapin,    metallurgist;    W.    H.    Albaugh,    Pittsburgh 
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salesman;    Claude    E.    Drake,    St.    Louis    salesman    and    C.    Fred    Klee, 
Indianapolis    salesman. 

F.  C.  Andresen  &  Associates,  Inc.,  Pittsburgh.     Space  S142  will  exhibit: 
Publication    "Fuels    and    Furnaces".      Booth   will    also    be    used    for   re- 
ception purposes. 
In  charge  of  booth:     F.   C.  Andresen,  president. 

Atlas  Steel  Corporation,  Dunkirk,  N.  Y.     Space  19  will  exhibit: 
Various  grades  of   tool  steel  and  special  steels.     One  case  will  show   frac- 
tures   of    the    standard    grades    of    tool    steel    in    the   annealed    and   hard- 
ened   condition.      Special   cases    will    show   various    finished    products 
made    from    Atlas    high-speed    steel,    stainless    and    chrome    bearing 
steels. 
Drill    Rod    and    other    products    from    cold    drawing    department. 
In  charge  of  booth:     S.  T.   Harleman,  H.   R.  Reese,  H.   R.  Williams,  C. 
V.    Reilly,   all  from    the   sales    department   and    M.    A.    Grossmann,    E. 
C.   Bain  and  W.   H.   Wills   from   metallurgical    department. 

Avey  Drilling  Machine  Company,  Cincinnati,   Ohio.     Space   59   will   ex- 
hibit. 
One,  No.    Yz   Ave}'  Ball  Bearing  Drilling  Machine,   column   type. 
One,  No.  2  Avey   Ball  Bearing  Drilling   Machine,   colurnn   type. 
One,    No.    3    special    Avey    Ball    Bearing    Drilling    Machine    column    type, 
power  feed. 
In  charge  af  booth:     J.  G.  Hey,  vice  president. 

Babcock  &  Wilcox  Tube  Company,  Beaver  Falls,  Pa.     Space   S107  will 
exhibit : 
Seamless  Steel  Tubes. 
In    charge   of   booth:      H.    N.    Murray,    superintendent. 

Bacharach    Instrument    Company,    Pittsburgh:      Space    99B    will    cxhil^it: 

Complete  line   of  products. 
In  charge  of  booth:     L.   J.    Speidel,   treasurer. 

Baker   Brothers,  Toledo,   Ohio.     Space   89  will   exhibit: 

Drilling  machine. 
In  charge  of  booth:     W.  W.   Elliott  and  H.   L.   Tigges. 

Bausch  &  Lomb  Optical  Co.,  Rochester,  N.  Y.     Space   5  will  exhibit: 
A  new  model  of  the  large  metallographic  outfit  on  which  will  be   in- 
corporated a  number  of  new  and  unique  features.     Also  three  smaller 
models  of  a  new  or  at  least  modified  design.     Usual  line  of  metal- 
lurgical microscopes  and  accessories  of  interest   to   the   metallurgist. 

in  charge  of  booth:     W.  L.  Patterson  and  I.   L.   Nixon. 

Bellevue   Industrial  Furnace   Company,   Detroit.     Space   96   will   exhibit: 
Vertical    complete    muffle    gas    fired    high    speed    furnace    with    muffle 
made    of    Carbofrax    manufactured    by    the    Carborundum    Company 
operating   in    connection    with    Geissinger    Fuel    Control    Valve,    and 
Brown   Recording   Instrument. 
One    Aluminum    Melting   Furnace,    tilting   type,    Geissinger    Fuel    Con- 
trol   Valve,    Bellevue    Oil    and    Gas    Burners    and    Bellevue    special 
shapes  fire  brick. 
In  charge  of  booth:     Walter  E.  Hinz,  Louis  J.  Raymo  and  H.   G.   Geis- 
singer. 
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Bellis    Heat    Treating    Company,    New    Haven,    Conn.     Space    36-A    will 
exhibit: 
Bellis   Lavite — tlie  ideal   heating  nicclium    for   liardciiing   and   tempering 
carbon,    high    speed   and   alloy    steels. 
In   charge   of  booth:     A.    E.   Bellis,   president   and   J.    W.    Black,   superin- 
tendent. 

Bethlehem   Steel    Company,    Bethlehem,    Pa.        Space    14-23   will    exhibit: 
The  vast  quantities  of  raw  materials  required  by  modern  steel  making 

organizations    of   large    size. 
Coke   Works    Practice,    showing   the   amount   of   coal    required   to    pro- 
duce  one   ton   of   coke   and   the   amounts   of   the   various   by-productsj 

obtained   in   the   operation. 
Blast    Furnace    Practice.     The    amount     of     raw     materials      required     to 

produce   and   the   resulting   products   obtained   in   the    making   of   one 

ton  of  pig  iron. 
Open  Hearth  Practice.     Alloj'  Steel   Heat.     The  materials  required  to 

produce  one  ton  of  alloy  steel. 
Samples   of  all   raw   materials,   products   and   bj'-products    will    form    a 

part  of  the  exhibit. 
In    charge    of    booth:      R.    M.    Bird,    A.    P.    Spooner,    R.    Shinier,    G.    C. 
Lilly,   C.  E.   Chamberlain,  R.   H.  Christ  and  G.  A.   Richardson. 

Blanchard  Machine  Company,  Cambridge,  Mass.     Space  85  will  exhibit: 

Blanchard  No.  10  Vertical  Surface  Grinding  Machine,  direct  motor- 
drive   type  with   caliper   attachment. 

Samples   of   work   finished   by    grinding .  machine. 

Photograph  of  other  sizes  of  Blanchard  Surface  Grinding  Machines 
and  work  done  by  them  with  production  data.  The  machine  will  be 
in  operation  on  real  work,  giving  visitors  the  opportunity  to  study 
its   operation    as   well   as    the    results   obtained. 

This    exhibit    will    be    located    in    Motch    &    Merryweather    Machinery 
Company's    Model    Shop. 
In  charge  of  booth:     F.  E.  Bartley. 

Bristol  Company,  Waterbury,  Conn.     Space   99   will  exhibit: 

Bristol's   Indicating  and   Recording  High  and   Low   Temperature   Auto- 
matic  Controllers,   Pyrometers.   Thermometers,   Gages,  etc. 
In   charge   of  booth:     H.  L.   Griggs. 

-Brown    Instrument    Company,    Philadelphia,    Pa.     Space    9    will    exhibit: 
Added   to   the    standard   line   of    Brown    Indicating   and    Recording    Py- 
rometers,   Thermometers,    Pressure    Gauges,    and    Tachometers,    the 
following  new   instruments   will   be   of  keen   interest   to   metallurgical 
engineers:     Brown    Hydrogen    Ion    Recorders,    Alkalinity    and    Acid- 
ity  Recorders,    Oxygen    Contact    Recorders    and    Indicating   and    Re- 
cording  Temperature    Control,   Signaling   and   Alarm   instruments. 
.  Also   the   new    Brown   Electric    CO.   Recorder,    which    does   afway    with 
the  limitation  of  COj  Recorders  operative  on  other  principles.  These 
instruments  will   be  actually  demonstrated   so   that   anyone   will   have 
a  comprehensive  idea  of  their  installation,  simplicity  and  ruggedness. 
All  other  standard   Brown   Instruments  such  as    Radiation    Pyrometers. 
Portable    Potentiometers,   etc.,   will   be    shown. 
In   charge   of  booth:      Richard   P.    Brown,   president;    George   \V.    Keller, 
sales    manager;    G.    L.    Clapper.    Pittsburgh    district    manager;    F.    Q. 
Thorp,    Cleveland    district   manager;    D.    C.    Mayne.    Columbus    district 
manager;    A.    C.    Hanson,    Pittsburgh    district    representative;    and    P. 
E.   Hemmerle,  pyrometer   engineer. 
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The  College   of   Engineering — Carnegie   Institute  of   Technology. 


Carnegie  Institute — Schenlej-  Park  and  Forbes  Street.  The  largest  and  finest  insti- 
tute of  Art  and  Museum  of  Natural  History  in  the  United  States.  It  has  a  Museum 
with  one  of  the  largest  collections  of  Fossils,  Prehistoric  Relics  and  Ethnological  sub- 
jects ever  assembled,  a  Library  of  300,000  volumes,  and  a  Music  Hall  with  one  of  the 
world's  best  pipe  organs.  It  is  open  to  the  public  daily  from  10  A.  M.  to  10  P.  M., 
Sundays  from  2  to  6  P.   M. 
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Bullard   Machine   Tool   Company,    Bridgeport,   Conn.     Space   87    will   ex- 
hibit: 
Machines  they  manufacture. 

Bureau  of  Standards,  Washington,   D.   C.     Space   S104   will   exhibit: 

Equipment  available  at  the  Bureau  of  Standards  for  research  and  test- 
ing and  illustrating  the  fields  of  co-operation  with  various  industries. 

Special  attention  will  be  paid  to  metallurgical  work  and  in  particular 
that  relating  to  irons  and  steels,  but  the  work  of  the  paper,  textile, 
rubber,  leather,  cement  and  optical  glass  sections  will  also  be  illus- 
trated. 

There  w^'ll  be  on  hand  a  case  containing  standard  chemical  samples, 
a  set  of  the  Bureau's  precision  gage  blocks  and  a  relatively  large 
number  of  samples  to  illustrate  metal  spraying  by  methods  recent- 
ly  perfected  at   the    Bureau. 

Researches  considered  of  special  interest  to  members  of  the  Society 
and  their  guests  will  also  be  illustrated  by  small  models  or  photo- 
graphs and  transparencies.  These  will  include  determinations  of 
thermal  stresses  in  chilled  iron  and  steel  car  wheels,  properties  of 
metals  at  high  temperatures,  and  photomicrographs  of  carbon  and 
alloy  steels,  etc. 

Sets  of  publications  w-ill  be  at  hand  for  examination  by  those  interested. 

There   will  be   installed  and   in   continuous   operation   a  projection    lan- 
tern which   will   permit   a   more   complete   demonstration   of   the   field 
of  activities  of  the   Bureau. 
In   charge   of  booth:      G.    K.    Burgess,    H.   J.    French,    T.    G.    Digges   and 

O.  Z.   Klopsch. 

The   Calorizing  Company,  Pittsburgh.     Space   47  will   exhibit: 

Furnaces    equipped   with    Calorized   Tube    Recuperators. 

Powder   Calorized   Pipe,   etc..  Dip   Calorized   Sheets,   Castings,   etc. 

Calite  (High  Temperature  Resisting)   Castings. 
In  charge  of  booth:     G.  L.  Davis,  Jos.  Karch,  J.  S.  Stairs,  B.  J.  Sayles, 

G.  D.  Mantle,  B.  L.  Jarrett,  A.  V.   Farr,   E.  L.   Malone,  W.   E.  Clark, 

C.   H.   Evans  and   S.   F.   Cox. 

The  Case  Hardening  Service  Company,  Cleveland.     Space  38  will  exhibit: 

Bohnite    Case    Hardening    compound.      The    original    impregnated    car- 

bonizcr,   exhibited   at   every    Steel    Treating    Exhibition    to    date — the 

compound  which  has   become  the   standard  of  comparison. 

Caseite,    the    scientific    cyanide    mixture.      Made    under    rigid    chemical 

supervision   and   inspection.      Manufactured   since    1915. 
Non-Case    Anticarburizing    Paint,    for    localizing    case    hardening    and 
for   the  protection   of  steel   from   absorption  of   carbon. 
In   charge  of   booth:     \V.   C.   Bell,   E.   J.    Gossett   and   J.   S.   Ayling. 

Celite   Products  Co.,  Chicago.     Space    1    will   exhibit: 

Complete  display  of  Sil-O-Cel  heat  insulation  showing  the  following 
products:  Sil-O-Cel  insulating  brick  for  direct  temperatures  up  to 
1600  degrees  Fahr.,  Sil-O-Cel  C-22  for  direct  temperatures  in  ex- 
cess of  2200  degrees  Fahr.;  Sil-O-Cel-  powder,  C-3,  block  and  ce- 
ments. Also  standard  blow  torch  test  in  which  a  blow  torch  plays 
upon  a  Sil-O-Cel  insulating  brick  continuously  to  illustrate  the  im- 
penetrability of  Sil-O-Cel  to  heat  flow.  Also  blueprints  and  illus- 
trations as  well  as  actual  samples  of  heat  treating  furnaces,  enamel- 
ing ovens,  etc.,  showing  method  of  installing  Sil-O-Cel  heat  insula- 
tion. 

In  charge  of  booth:     W.  T.   Kennedy  and  others. 
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Central  Steel  Co.,  Massillon,  Ohio.     Spaco  35  will  exhibit: 

Typical   scenes   of   steel    mill    practice   siiown    in    enlarged   photographs. 
Representative   specimens   of   heat   treated   parts   made  from   Agathon 
Alloy   Steels   will   be   shown. 
In   charge  of   booth:     F.   J.   Griffiths,   president   and  general   manager;    T. 
M.  Schlendorf,  vice  president  in   charge   of  sales;    B.   F.   Fairless,  vice 
president  in  charge  of  operations;  E.  C.  Smith,  chief  metallurgical  en- 
gineer;  C.   P.   Richter,   E.   H.   Kottnauer  and  W.   W.   Leffler   all  of  the 
metallurgical    department. 

Champion  Sales  Company,   Pittsburgh.     Space   SI  12  will   exhibit: 

Metal  Window  Ventilators,  and  other  special  products. 
In  charge  of  booth:     E.  C.  Sattley,  vice  president. 

Chicago  Flexible  Shaft  Company,  Chicago.     Space  98  will  exhibit: 
III    oi)eration    Crucible    Furnace,    Triple    unit,    Oven    Furnace    and    High 
Speed  Steel   Furnace. 

In  charge  of  booth:     Peter  Blackwood,  J.  W.   Lazear  and   O.    C.   Bern- 
hard. 

The  Cincinnati  Grinder  Company,  Cincinnati,  O.  Space  90  will  exhibit: 
One — 12"  x  36"  Cincinnati  Universal  Grinding  Machine,  motor-driven. 
One — Special  heavy  duty  headstock  for  die  (work  and  one  set  of  speed 
change  and  reverse  units. 

In   charge  of  booth:     Arthur   C.    Hoefinghoff  and  Walter    F.    Stegner. 

Cincinnati   Milling   Machine  Company,   Cincinnati,   Ohio.     Space   90   will 

exhibit: 
One,   No.   4   Vertical    Cincinnati    Milling    Machine   arranged    for    motor 

drive   in   operation,    demonstrating   the    capacity    of    this    machine    to 

do   face  milling   on   heavy   profiling  work. 
One,   new  model   No.   2  Universal   High   Power    Miller    with    the    new- 
rectangular  overarm. 
One   Cincinnati   Centerless    Grinder  in  production   on   straight   through 

and   shoulder   grinding. 
One  Cincinnati  12  x  36  inches  Universal  Cylindrical  Grinder  on  typical 

tool  room  work. 
One   Cincinnati   No.    V/2    Cutter    Grinder    together   with   a   selection    of 

cutters  capable   of   being  ground   on   the   machine. 
In   charge   of  booth:     Walter  W.    Tangeman,    George   Binns   and   L.    V. 
Johnson. 

Cleveland   Steel  Tool  Co.,   Cleveland,     Space   36B    will   exhibit: 

Punches,   dies,  pneumatic  chisel   blanks  and  rivet   sets. 
In    charge    df    booth:     R.    J.    Venning,    treasurer. 

Climax  Molybdenum   Company,   New   York  City.     Space    53-62   will   ex- 
hibit: 
Molybdenum    Steel    and    products   made    from    same. 

In  charge  of  booth:     B.  F.  Phillipson,  president;  J.  D.  Cutter,  vice  pres- 
ident   and    metallurgist;    and   W.    N.    Bratton,    sales    metallurgist. 

Colonial   Steel  Company,   Pittsburgh.     Spaces   33-42  will   exhibit: 

Tool  Steel  and  special  open-hearth  steels,  hardened  fractures,  raw  ma- 
terials and  alloys  used  in  process  of  manufacture,  heat  treating  meth- 
ods, etc. 
In   charge   of  booth:      Lawrence   Wood,   manager   of    Pittsburgh    district 
sales. 
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Combustion    Utilities    Corporation,    New    York    City.      Space    94-95    will 
exhibit: 

A  number  of  furnaces  illustrating  general  heat  treating  equipment 
among  which  will  be  Tool  Heating  Furnaces,  Oil  and  Lead  Temper- 
ing Baths,  and  Heat  Treating  Furnaces  both  Recuperative  and  Non- 
Recuperative  W'ith  which  it  is  hoped  to  illustrate  the  advantages  of 
the  recuperator  by  iiaving  two  such  furnaces  automatically  con- 
trolled and  fired  with  sufiicient  indicating  and  recording  instruments 
to  show  the  comparative  economy  of  the  two  types  of  furnaces. 
Also  one  or  two  small  but  complete  models  of  larger  Heat  Treating 
and  Forging  Furnaces. 
In    charge    of   booth:      H.    M.    Henrv,    W.    L.    Frederick,    P.    T.    Nutting, 

F.  W.  Manker  and  W.  B.  Kopfcr. 

Crescent    Washing    Machine    Company,    New    Rochelle,     N.     Y.     Space 

93   will   exhibit: 
In    operation— Model    No.    lA    machine    for    cleaning    metal    parts    of 

every    description,     for    cleaning    castings    and    forgings,     stampings, 

screw    machine    products,    etc. 
In   charge   of   booth:      E.    C.   Arndts   and   J.    F.    Donovan,   sales   manager. 

Crucible   Steel    Company    of    America,    New    York    City.      Space    13    will 
exhibit: 

Tool    and    Alloy    Steels    and    products    made    therefrom. 
In   charge  of   booth:     Dr.   John   A.    Mathews,   president;   C.   M.   Johnson, 

director   research    department;    and   J.   W.    Taylor,   Pittsburgh    office. 

Cutler  Steel  Company,  Pittsburgh.     Space   Sill   will  exhibit: 

Duraloy-Castings,    Sheets,    Bars    and    Wire;    finished    and    semifinished 
parts. 

In  charge  of  booth:  T.  R.  Heyward  Jr.,  W.  H.  Waddington,  F.  B.Fos- 
ter,  G.  C.   Shidle  and  A.   S.   Lambie. 

Dearborn   Chemical  Company,   Chicago.     Space   41    will   exhibit: 

NO-OX-ID,    Rust   Preventive,   chemical   41    compounded    Klean    Kleen, 
Powdered   Cleaner,   in   different   grades.   Cutting   Oils,    Drawing   Oils, 
Quenching   Oils,   Soluble   Cutting  Oil  and   Deraboline.   liquid   cleaner. 
In  charge  of  booth:     E.   M.   Converse,  director  of  department  of  special- 
ties,  Chicago;  J.  A.   Crenner,  manager  Pittsburgh   office;   C.   C.   Brown, 
Pittsburgh;   E.   K.  Thomas,   Pittsburgh  and   C.   I.   Loudenback,   Detroit 
office. 

Dempsey  Furnace  Company,  New  York  City.     Space  97  will  exhibit : 
High-speed   steel   furnace;    complete   line   of  gas   and   oil   burners;   elec- 
tric  constantator,  for   controlling  oil,  gas   or  steam   pressure. 
In    charge   of  booth:      H.    B.    Dempsey   and    F.   J.    Spillane. 

Henry   Disston   &   Sons,    Inc.,    Philadelphia.     Space    SI  15   will    exhibit: 
Milling  saws,  hot  saws,   friction  saws,   files,   hack  saws,  tools  and   Hig- 
ley   milling  saw   machine. 
In  charge  of  booth:     J.  L.  Dorrington,  Walter  Newman  and   E.  S.   Ludy. 

Driver-Harris  Company,  Harrison,  N.  J.     Space  4  will  exhibit: 

Nichrome,   heat   resisting  castings,   carbonizing  boxes,   Nichrome   sheets 
for   furnace    linings   and    Nichrome   resistance   wire. 

In  charge  of  booth:  Arlington  Hensel,  vice  president;  W.  E.  BIythe, 
Detroit  district  manager;  H.  D.  Mc Kinney,  Chicago  district  manager; 
A.   M.   Morgan,  J.   B.   Shelby  and    M.   O.   Hardegan. 
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Electrical    Refractories    Company,    East    Palestine,    Ohio.     Space    SIOIA 
will   exhibit: 
Electrical    refractories    for    use    in    resistance-type    electric    heating    de- 
vices,   including    electric    ranges,    steel    treating    furnaces    enameling 
ovens,   immersion   heaters   and   laboratory   equipment. 

In   charge  of   booth:   F.    E.   Owen. 

Charles  Engelhard,   Inc.,  New   York  City.     Space  32   will   exhibit: 

Thermo-Electric  Pyrometers,  Indicators,  Recorders,  Base-metal  Ther- 
mo-Couples,  Rare-metal  Thermo-Couples,  Pyrometer  tubes,  Electric 
Thermometers,  Indicators  and  Recorders,  Automatic  Temperature 
Regulators;  Temperature,  gas  and  oil,  Electric  Gas  Recorders  (Ther- 
mal Conductivity  type),  Thermal  Expansion  Measurement  Appar- 
atus, Refractory  Porcelain. 
In  charge  of  booth:  J.  H.  Allison,  E.  S.  Newcom'b,  E.  J.  Deckman, 
R.    W.    Newcomb. 

Equitable  Gas  Company,  Pittsburgh.     Space   S130  will  exhibit: 

Curves,     Bulletins     and    descriptive    matter    relating    to    utilization    of 

natural   gas. 
Complete    information    will    be    given    and    all    questions    answered    re- 
garding supply  and  use   of  natural   gas   for   heating   and   other  indus- 
trial  purposes. 
In  charge  of  booth:     R.    E.    Polk,    C.    H.   Whitwell,   E.    F.   Koch,   E.   L. 
Flowers  and  C.   J.   Long. 

Federal  Machine   &   Welder  Company,  Warren,   Ohio.      Space   SI  19   will 
exhibit: 
Electric    Butt   Welding    Machine. 
In   charge   of    booth.    Fred    P.    McBerty,    general    manager. 

A.  Finkl  &  Sons  Company,  Chicago.     Space  53  will  exhibit: 

Drop   Forge  supplies,   Mo-lyb-die   steel  products,   die  blocks   and   piston 
rods. 

In  charge  of  booth:  Chas.  E.  Finkl,  manager,  Wm.  Finkl,  E.  H.  Gra- 
ham,   manager,    Detroit    district,    and    T.    P.    Wallace,    sales. 

Firth  Sterling  Steel  Company,  McKeesport,  Pa.  Space  3  will  exhibit: 
Blue  Chip  High  Speed  and  other  Firth-Sterling  tool  and  die  steels; 
also    Firth-Sterling    (S-Less)     Stainless    Steel. 

In  charge  of  booth:  Edwin  T.  Jackman,  G.  A.  Jacobs,  W.  A.  Nungester, 
W.  C.  Royce,  David  E.  Jackman,  Jr.,  Donald  G.  Clark,  H.  I.  Moore, 
A.   E.  Barker  and   Harry  Jarvis. 

J.  B.  Ford  Company,  Wyandotte,  Mich.     Space  31   will  exhibit: 

"Wyandotte"  cleaning  materials  with  tank  showing  method  of  agitating 
a   cleaning   solution. 
In   charge  of  booth:   C.   S.  Tompkins  and   L.   C.  Warden. 

Forging- Stamping- Heat  Treating,  Pittsburgh.     Space  43  will   exhibit: 
Copies    of    their    four    pubhcations,    Forging-Stamping-Heat    Treatmg 
formerlv    (Forging    and    Heat    Treating);    Blast    Furnace    and    Steel 
Plant;    Coal    Industry;    Directory   of    Iron,    Steel,    Forging,    Stamping 
and    Heat    Treating   plants. 
In   charge   of   booth:      L.    L.    Carson,    D.    L.    Mathias,    F.    J.    Crohus,    A. 
M.   Mitchell  and    George    P.   Grant. 

General  Alloys  Co.,  Boston.     Space  28  will  exhibit: 

Q-Alloy   Heat   treating   containers,   boxes,   pots,   retorts   and  castings. 
In   charge   of   booth:      H.    H.    Harris,    E.    P.    Van    Stone,    W.    K.    Leach 

and  A.  L.  Grinnell. 
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General    Electric    Company,    Schenectady,    N.    Y.     Spncc    76-77    will    ex- 
hibit: 
Two  small   electric   furnaces   and   one   air   drying  oven. 
In  charge  of  booth:     C.  T.  McLoughlin,   P'.   F.  Collins,  and  C.  L.   Ipsen. 

Giddings  &  Lewis  Machine  Tool  Company,  Fond  du  Lac,  Wis.     Space  86 
will   exhibit : 
One   No.   32    Horizontal    Boring   Machine. 

Goddard   &    Goddard    Company,    Detroit.     Space    79    will    exhibit: 

Complete   line   of   Milling   Cutters. 
In    charge    of    booth:      A.    N.    Goddard.    president    and    C.    S.    Goddard, 

sales  manager. 

Gould  &   Eberhardt.  Irvington,   N.  J.     Space  85  will  exhibit: 

One,  32  inch   Invincible  motor-driven  shaper. 
In   charge   of  booth:      C.   L.   Cameron   and   A.   Miller. 

Geo.  J.    Hagan  Company,   Pittsburgh.     Space   66   will   exhibit: 

Improved  design   of  standard   box  type  electric  furnace   with  automatic 
control   equipment. 

In  charge   of  booth:     R.   E.   Talley.   C.   F.    Cone,    R.    L.    Corbett.    F.  W. 
Robertson  and  A.   D.  Dauch. 

Halcomb  Steel   Company,   Syracuse,   N.   Y.     Space   22  will  exhibit: 

Complete    line    of    tool    and    alloy    steels    with    parts    made    from    same. 

In  charge  of  booth:     S.  C.  Spalding,  H.  J.  Stagg,  and  Messrs.   Galbraith, 
Atkinson,    Schroeder,    Talmadge,    Kissam,    Boland    and    Schnibbe. 

R.   G.   Haskins   Company,   Chicago.     Space   S141    will   exhibit: 

Flexible  shaft  equipments,  portable  grinders,   especially   featuring  those 
used   so   extensively   in   the   drop    forging   industrj'   for   finishing   dies, 
etc. 
In  charge   of  booth:      R.   G.    Haskins,    Ralph    Sloan,   C.   C.    Kendrick  and 
Robert   Spurgin. 

Hauck   Manufacturing    Cojnpany,    Brooklyn,    N.    Y.      Space    18    will    ex- 
hibit: 
Hauck    Venturi    water-cooled    open    hearth    oil    burner    with    automatic 
triple    cut-off    valve    and     universal     adjusting     device;     Hauck    Venturi 
high    pressure    oil    burners    (air    or    steam)     for    continuous    heating, 
plate  heating,  revcrberatory   melting  and   heat  treating  furnaces,  also 
metal    mixers.      Hauck    \'enturi    low    pressure    oil    burners    for    heat 
treating,    core    ovens,    enameling   and    melting    furnaces,    etc.      Hauck 
Venturi   flat   flame   oil   burners   for   high   pressure   boilers,   etc.    Hauck 
oil  ladle  heaters;    Hauck   oil   torches   in   different   sizes   for  repairs   to 
rolling  mill  machinery,   open   hearth   furnace   equipment,   etc. 
In   charge  of  booth:     F.  A.   Thomas,   Pittsburgh   representative;    Herbert 
Vogelsang,     Cleveland     representative;    and    Jules     Escheman,     Buffalo 
representative. 

Haynes  Stellite  Company.  New  York  City.  Space  51  with  exhibit: 
Haynes  Stellite  Tool  Bits,  and  Welded  Tools  for  turning,  boring  and 
planing;  blades  for  milling  cutters,  boring  bars,  and  reamers;  solid 
milling  cutters.  Works  rests  for  centerless  grinders — dies — plug 
gages,  fabric  and  rubber  cutting  knives — carpet  cutter  wires — linole- 
um mixing  knives.  Castings  for  valves,  optical  reflectors,  die  cast- 
ing machine  parts   and  hot   billet  scrapers. 

In  charge  of  booth:     A.  B.   Leonard  and  W.  J.   Lindner. 
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Entrance    to    Highland    Park. 


Block  House — Lower  Penn  Avenue  near  Point  Bridge.  'J  he  oldest  building  in 
Pittsburgh,  built  in  1759,  and  the  only  historic  relic  of  Pittsburgh's  Colonial  days. 
It  is  under  the  care  of  the  Daughters  of  the  American  Revolution  and  open  to  visitors 
at    all    times. 
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Heppenstall  Forge  &   Knife  Company,   Pittsburgh.     Sii;ui    h-7-H  will  ex- 
hibit: 
Die    Blocks,    Shear    kiiife,    piston    rod,    nickel    steel,    chrome    vanadium, 
samples    of    allov    steel,    tinning'    roll,    galvanizing    roll    and     .Ascoloy 
.Steel. 

In   charge   of  booth:     C.   W.   Heppenstall,    Floyd   Rose,   J.   A.    Succop. 

High  Speed  Hammer  Company,  Inc.,  Rochester,  N.  Y.  Space  S109  will 
exhibit: 

Complete  line  of  high  speed  riveting  hammers  and  one  drill  press. 
In    charge   of  booth:      H.   A.    Moore,    C.   W.    Schuchardt,    H.    C.    Levine 

and  VV.   P.  Andrus. 

Hoover  Steel  Ball  Company,  Ann  Arbor,  Mich.  Space  SlOO  will  ex- 
hibit: 

One  show  case  showing  balls  at  different  stages  of  production.  This 
case  may  also  contain  bearings  and  valves  illustrating  the  applica- 
tion of  balls  in  industry. 

One  gaging  machine  showing  how  balls  are  separated  for  size.  This 
machine  will  be  able  to  separate  balls  which  vary  .0001  of  an  inch. 
Connected  with  this  machine  will  be  a  small  apparatus  illustrating 
the  uniformity  of  hardness  of  steel  bars  which  are  used  in  high 
grade  bearings. 
In  charge  of  booth:     Hilton  G.  Freeland,  metallurgist  and  F.  H.  Lennox, 

sales  manager. 

Holcroft  &  Company,  Detroit,  Mich.     Space  S143  will  exhibit: 

Two    of    the    latest    type    electric    melting    furnaces,    one    of    which    is 
specially    adapted    to    laboratory    use.      Also,    drawings,    photographs, 
and  technical  data  of  our  latest  types  of  heat  treating  furnaces,  also 
there  will  be  shown  drawings  and  photographs   of  open  hearth   steel 
furnaces,    malleable    reverberatory    furnaces,    with    arrangements    for 
burning   both   liquid   and   powdered   fuel   and   all   other   types    of   fur- 
naces  used  in   the  metallurgical  industry. 
In  charge  of  booth:     R.  T.  Cadwell,  secretary  and  treasurer;  H.   L.  Ritts,. 
sales  manager;   C.  E.  Chaney,  electrical  engineer;   J.  T.  Jans,  mechani- 
cal engineer;  H.  M.  Gregory  and  F.  E.  Gardiner,  Canadian  representa- 
tives. 

Hoskins   Mfg.   Company,   Detroit.     Space   70  will  exhibit: 

An  electrically   heated   tube   furnace,   so   operated   as   to   give  individual 
heat  treatment  to  the  parts  passing  through  it.    Furnace  is   equipped 
with   five   tubes   through    which    the   material   is   pushed   by    an    auto- 
matic   pusher.      The    temperature    is    automatically    controlled. 
In  charge  of  booth:     Chas.  S.   Kinnison,  James   D.  Sterling,  W.  D.  Little 
and   W.   A.    Gatward. 

E.  F.  Houghton  &  Company,  Philadelphia.     Space  45  will  exhibit: 
Cutting  Oils;  Carburizers;  Tempering  and  Drawling  Oils;   Vim  Leather 
Belting   and    Vim   Leather    Packing. 

In     charge     of     booth:        Herbert     Lloyd,      Chas.     Schultz,     Walter     -A.. 
Buechner,  David  J.  Richards  and  George  W.   Pressell. 

Hunter  Saw  &  Machine  Company,  Pittsburgh.     Space  S123  will  exhibit: 

Circular  inserted  tooth  saws;  circular  solid  tooth  milling  saws,  suitable 

for  Newton,  Espen-Lucas,  Higley,   Lea-Simplex, 'Wagner,   Cochrane- 

Bly,    Nutter-Barnes,    Burk,    Smith    &    Post,    Knowdton.    Bryant    and 

Q.    &    S.    sawing    machines.      Hot    saws,    tube    saws,    friction    disks. 
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Thaw     Hall.     University     of     Pittsburgh.     The     departments     of     Chemistry,     Chemical 
Engineering    with    laboratories,    and    Engineering    are    lodged    in    this    building. 


Typical    River    Scene, 
largest   ports   combined. 


Pittsburgh's    River    tonnage    is    greater    than    the    world's    four 
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circular  shear  knives,  slitter  knives,  skelp  knives,  pipe  cutters,  pneu- 
matic hammer  rivet  sets  and  chisel  blanks;  brick  mould  liners,  pat- 
tern core  and  molding?  plates;  inserted  tooth  grinders  for  solid  tooth 
saws,  setting-up-device  for  setting  teeth  in  inserted  tooth  saws.  Cir- 
cular knives  for  tobacco,  cigarettes,  cotton,  cork,  rubber,  candy, 
paper,  cloth,  etc.  Clutch  disks,  device  for  dressing  friction  disks, 
and  many   hardened   steel   specialties. 

International   Nickel   Company,    New    York   City.     Space    37-46    will    ex- 
hibit: 
Samples  of  nickel  steel  and   nickel  steel  products  for   various   industrial 
uses. 
In    charge   of   booth:      Paul    D.    Merica,    Chas.    McKnight   Jr.,    Thos.    H. 
Wickenden  and  L.   Muller-Thym. 

Interstate   Iron   &   Steel   Company,   Chicago.     Spaces   49-50   will  exhibit: 
Moving  picture   film   entitled  "The  Story  of  Alloy   Steel",  two  or  three 
times    daily    in    a    room    which    has    been    provided    adjacent    to    ex- 
position   room. 
Also     display     of     parts     from     Interstate     steel     and     some     typical     test 
samples  developed  in  their   laboratorj'. 
In   charge  of  booth:     W.   J.   MacKenzie,   Elmer   Larned,   Paul   Llewellyn 
and   George   Fisher. 

Iron  Age,  New  York  City.     Space  21  will  exhibit: 

The    Iron    Age. 
In   charge   of   booth:    F.   J.    Frank.    C.    S.    Baur,    W.    B.    Robinson,    D.    C. 

Warren,   H.   E.    Barr,    B.   L.   Herman,    C.    Lundberg,    E.    Findley.   E.    S. 

Wayne,    D.    G.    Gardner,    C.    L.    Rice,    E.    Sinnock,    F.    Schultz,    W.    C. 

Sweetser,  A.  L.  Marsh,  O.  B.   Bergersen.  W.  W.   Macon.   E.  T.  Cone. 

G.    L.    Lacher,    S.   L.   Prentiss   and   R.    E.   Miller. 

Jones  &   Laughlin  Steel   Corporation,   Pittsburgh.   Space  26  will   exhibit: 

Cabinets,    showing    various    products    manufactured. 
In  charge  of  booth:  J.  J.  Shuman,  H.  W.  Graham  and  A.  Milne. 

Keller  Mechanical  Engineering  Corp.,  Brooklyn,  N.  Y.  Space  88  will 
exhibit: 
Automatic  Die  Cutting  machine,  type  F,  fully  electrically  controlled, 
cutting  a  set  of  dies  for  Turbine  Buckets  as  used  in  the  most  up  to 
date  machines.  This  machine  can  be  operated  fully  automatically 
and  by  hand.  All  controls  are  centrally  located  and  are  push  button 
control.  This  machine  embodies  some  very  revolutionary  and  novel 
features  not  shown   heretofore   in  machine   tools. 

In  charge  of  booth:     S.  A.  Keller,  Jules  Dierckx,  Henry  Schreiber,   Chas. 
Bitter  and  A.  J.   Benson. 

King   Refractories   Company,    Inc.,    New    York   City.     Space   44   will   ex- 
hibit: 
"Flame    Brand"    high    temperature    cements    for    laying    up    fire    brick 
settings;    for    veneering,    patching,    monolithic    walls,    rammed-in-lin- 
ings,  and  insulating.     "Mono"  boiler  baffling. 
In  charge  of  booth:     S.   C.   Smith,  president;   E.   J.   Eddy,   treasurer;  and 
H.    J.    Parthesius,    Pittsburgh   representative. 

Kinite  Company,  Milwaukee,  Wis.     Space   SI  14  will  exhibit: 

Kinite  dies  as  cast,  Kinite  dies  machine  finished,  Kompite  castings  as 
cast,  Kompite  castings  machine  finished.  Stampings  made  on  Kinite 
and  Kompite  dies.   Patterns  from   which  dies  have   been  made. 

In  charge  of  booth:     E.  J.  Mohr,  sales  manager;   T.  A.   Moormann,  su- 
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perintendent;   Wm.    C.   Eakin,   representative    for    Pittsburgh   and    Ohio 
districts;   H.   F.    Kluender,    representative    Michigan    district. 

Charles   Kleist  &   Son,  Jamestown,   N.  Y. — Space  40B   will   exhibit: 
Drop    Hammer    Boards,    built-up-type    and   standard    ty^c,    Drop    Ham- 
mer  Pins. 
In  charge  of  booth:     H.   E.   Kleist. 

Laughlin-Barney  Machinery  Company,  Pittsburgh.  Spaces  57,  58,  59 
and  60.  The  following  firms  will  be  represented  in  these  booths: 
Ohio  Machine  Tool  Co..  Kenton,  O.,  will  occupy  space  60  and  will 
exhibit  one  32-inch  dreadnaught  shaper.  Oliver  Instrument  Co., 
Adrian,  Mich.,  in  space  59,  will  exhibit  two  automatic  drillpointers  and 
one.  die-making  machine.  Avey  Driving  Machine  Co.,  Cincinnati, 
O.,  space  59,  w'ill  exhibit  t>hree  drilling  machines.  Oilgear  company, 
Milwaukee,  Wis.,  space  58,  will  exhibit  one  6-ton  gooseneck  broachin  ; 
and  assembling  press.  Laughlin-Barney  Machinery  Co.  will  occupy 
space   57,    which   \vi\\    be    used   for    reception    purposes. 

In  charge  of  boot^hs:  C.  C.  Swift,  Ohio  Machine  Tool  Co.;  E.  C. 
Oliver,  Oliver  Instrument  Co.;  J.  G.  Hey.  Avey  Drilling  Machine 
Co.;  Howard  Crull  and  W.  D.  Creider,  Oilgear  Co.;  and  the  fol- 
lowing will  represent  the  Laughlin-Barney  Machinery  Co.:  Har'-v 
Barney,  John  K.  Henry,  William  Katzenmeyer,  R.  C.  Neimeier,  W. 
C.    Pomney   and  J.    M.    Hill. 

Leeds   &   Northrup  Company,   Philadelphia.     Space    71-80    will   exhibit: 
Potentiometer   Pyroineters,   Indicating,   Recording  and  Controlling,   Op- 
tical  Pyrometer,   Hump   Method  for   Heat   Treatment;   Equipment   in 
full   operation   actually  heat  treating  tools. 
In  charge  of  booth:      G.   W.  Tall  Jr.,   Henry   Brewer,   Oscar   Brewer,   E. 
B.     Estabrook,    Jordan    Korp,    A.    E.    Tarr,    W.    A.     Lane    and    H.    N. 
McMichael. 

E.  Leitz,  Inc.,  New  York  City.     Space  SI  10  will  exhibit: 
Leitz   Micro-metallograph;   large  metal  microscope   with   camera;   medi- 
um    type     metal    microscope     model     "MO";     workshop     microscope 
"MT";    Brinell    microscope.      Assortment    of    grinding    and    p&lishing 
machines.     Several  models  of  mineralogical  microscopes.   Assortment 
of  accessories   interesting  to   steel   concerns. 
In  charge  of  booth:     G.  Spindler,  in  charge  of  technical  department,  and 
H.  E.  Bader,  middle  west  representative. 

Linde  Air  Products  Company,  New  York  City.     Space  SI  17  will  exhibit: 
Specimens,  photomicrographs   and  macrographs  of  oxy-acetylene  welds 
in  various  metals.     The   application  of  the   oxy-acetylene  process   for 
various  purposes  and  as  used  in  the  steel  industries.     Recent  labora- 
tory developments  concerning  the  use  and  application  of  the  process 
on  steel  products.     A  live  exhibit  of  oxy-acetylene  equipment.  Weld- 
ing and  cutting  apparatus   equipment,   etc. 
In  charge  of  booth:     J.   R.   Dawson,  Union   Carbide   &   Carbon   Research 
Laboratories,  Inc.,  H.   S.   George,  Union   Carbide   &  Carbon  Company, 
J.   W.   Foster,   Linde  Air    Products   Company   and    F.    L.    Rogers,   Ox- 
weld  Acetylene  Company  and  R.  A.   Sully,   Linde  Air  Products   Com- 
pany. 

Ludlum   Steel   Company,   Watervliet,    N.    Y.     Spaces    56-65    will    exhibit: 

Rustless   Steel  and  Tool  Steel. 
In   charge   of  booth:   P.  A.   E.   Armstrong,   V.    S.   Yarnell. 

Machinery,  New  York  City.     Space  40-A  will  exhibit: 

Large    wall    screen    showing    interesting    photograph    covering    "Heat 
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Treatment  of   Steel,"  Machinery,   a  mechanical  journal  covering  tiie 
industries   and  a   full   line   of   Machinery's    Mechanical   Books. 
In  charge  of  booth:  Erik  Oberg,  J.  N.  Wheeler  and   H.   B.   Hurlburt. 

Mahr   Manufacturing  Company,   Minneapolis,,   Minn.     Space   54,   will  ex- 
hibit: 
Heat    Treating    Furnaces,    blowers    and    kindred    equipment.      Mahrvel 
furnaces    with    a    novel    method    of    showing    circulation    will    be    on 
exhibition. 
In    charge    of    booth:    H.    A.    Anderson,    chief   engineer,    J.    O.    Connolly, 
sales    department,    home    office,     Benj.    G.    Harmon,    Chicago    branch 
manager  and  E.  F.  Pica,  Philadelphia  representative. 

Jas.  H.  Matthews  &  Company,  Pittsburgh.     Space  2,  will  exhibit: 

Marking  Machines,  Steel  Stamping  and  Embossing  Dies  together 
with  samples  of  products  marked,  brass  dies  for  printing  wooden 
boxes,  rubber  dies  for  printing  corrugated  boxes,  identification  badges, 
checks,  tags  and  plates  stamped  and  embossed,  bronze  signs,  memorial 
and  commemorative  tablets. 

In  charge  of  booth:   Mr.   McConaghy,  H.    R.   Wade   and   H.  W.  Ehrlen. 

Midvale  Company,  Philadelphia.     Space  81   will  exhibit: 

Complete   line  of  products.   Booth  will  also  be   used  for  reception  pur- 
poses. 
In  charge  of  booth:     Stuart   Hazelwood  and  others. 

Molybdenum   Corporation  of  America,   New   York   City.     Space  27,  will 
exhibit : 
Various    parts    and   products    made    from    Molybdenum    Steels    such    as 
springs,  bearings,  chisels,  rolls,  shovels,  etc. 
In    charge    of    booth:    J.    M.    Fuller,    G.    W^    Sargent,    president,    J.    W. 
Weitzenkorn,    vice    president    and    general     manager,     Clifton     Taylor, 
general  sales  agent  and  E.  A.  Lucas,  works  manager. 

Motch     &      Merrsrweather     Machinery     Company,      Pittsburgh.     Spaces 
82  and  85  to  92  will  exhibit: 
In  booths  85  to  92  and  82  across  the  aisle.     There  will  be  on  exhibition 
in  these  booths  various  machinerv  from  the  following  firms: 

Gould   &   Eberhardt.   Newark.   N.   J 85 

Blanchard    Machine    Co..    Cambridge.    Mass 85 

Giddings    and    Lewis    Machine    Tool    Co.,    Fond   du    Lac.    Wis..     86 

V  &   O   Press   Co..   Hudson.    N.   Y 86 

Bullard  Machine   Tool   Co..   Bridgeport.   Conn 87 

Keller   Mechanical   Engineering   Corp..   Brooklyn 88 

Motch  &  Merryweather   Office    89 

Baker  Bros.,   Toledo,   Ohio 89 

Cincinnati     Milling     Machine    Co.,     Cincinnati.    0 90 

Cincinnati    Grinding    Co..    Cincinnati.    Ohio 90 

National    Automatic    Tool    Co..    Richmond.    Ind 91 

American  Tool  Works  Co..  Cincinnati.  Ohio 92 

In    charge   of   booths:      E.    C.    Batchelar.   manager.    J.    T.    McCuen,   J.    A. 
Menges,   L.  A.   RafFerty.   L.   C.   Dcckard  and  J.    L.   Vance. 

National    Automatic    Tool    Company,    Richmond,    Ind.      Space    91.    will 

exhibit: 
Natco  Multi  Drilling  machines.  Natco  Multi  Tapping  machines.  Natco 

Lhiiversal  points.  Natco  Drill  holders,  Natco  Tap  Holders  and  Natco 

Quick  change   holders. 
In  charge  of  booth:   Edward   D.   Frank.   Ray  Sterling  and   R.    N.   Piper. 
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National  Machinery  Company,  Tiffin,  Ohio.     Space  12. 

This  company  will  have  reception   space. 
In  charge  of  booth:   E.   R.   Frost,   F.   J.   Mawby,   K.   L.   Ernst   and   Chas. 

D.  Harmon. 

National   Twist    Drill   &    Tool    Company,    Detroit.     Space    S136    will    ex- 
hibit: 
Complete   line   of  products. 
In  charge  of  booth:      H.   K.   Chambers,   assistant   secretary'. 

R.  D.  Nuttall  Company,  Pittsburgh.     Space  SI  13,  will  exhibit: 

B    P    tough    hard    gears    and    pinions    of    the    spur    and    helical    type. 
Fractured    sample   teeth   of    our    different   hardened    grades    of   gears. 
Flexible   couplings,   and   miscellaneous   industrial   gears. 
In  charge  of  booth:  O.  W.   Hershey.  sales  manager,   Milton   Rupert,  vice 
president,   W.    H.    Phillips,   manager   of   engineering,   J.    E.    Mullen,   as- 
sistant sales  manager;   C.   H.  Parker,  R.   R.  Gartside,  \V.  H.  Smith  and 
R.  W.  Young. 

S.  Obermayer  Company,  Chicago.  Space  63,  will  exhibit: 

Refractory   furnace   cements   and   refractories   as   well   as   various    char- 
coals,   graphite    and    also    description    of    the    application    of    various 
refractories   to  furnace   construction. 
In  charge  of  booth:  J.  L.  Cummings,  manager,  refractory  division;  E.  D. 
Frohman,    vice    president;    F.    P.    Bullion,    Pittsburg    office;    and    Mr. 
Eggert,   salesman. 

Ohio  Machine  Tool  Company,  Kenton,  Ohio.     Space  60,  will  exhibit : 
One    32-inch   "Ohio"   dreadnaught    shaper. 

In   charge   of   booth:    C.   C.    Swift,  manager;    and   Louis   Peters,   superin- 
tendent. 

Ohio  Steel  Foundry  Company,  Springfield,  Ohio.     Space   15  will  exhibit: 

Fahrite — Alloys    and    Equipment. 
In   charge   of   booth:      H.    G.    Shook. 

Oilgear    Company,    Milwaukee,    Wis.     Space    58    will    exhibit: 

One    6-ton   now   gooseneck   broaching   and   assembling   press,    type    PJ. 
with    automatic    control.     This    machine    will    be    in    operation     and 
will   be   driven   by  a   5-horsepower  constant   speed   motor. 
In    charge   of   booth:     Howard    Crull    and   A\'.    D.    Creider. 

Oliver  Instrument  Company,  Adrian,  Mich.     Space   58,  will  exhibit: 
Two    Oliver    of    Adrian    automatic    drillpointers,    and    one    Oliver    of 
Adrian   die   making  machine. 
In  charge  of  booth:  W.  G.  Schutt  and  E.   C.   Oliver. 

Pangborn  Corporation,  Hagerstown,  Md.     Space  74-75-83-84,  will  exhibit: 

Barrel  Sand-Blast,  Cabinet  Sand-Blast  and  Rotary  Table  Sand-Blasts 
all  of  which  will  be  in  operation  demonstrating  the  sand-blasting  of 
heat-treated  parts,  forgings.  etc. 

Display  of  photographs  illustrating  sand-blast  installation  in  heat  treat- 
ing plants,  interesting  specimens  of  heat  treating  art  and  complete 
display  of  metallic  abrasives. 

Angular  Steel  Grit  and  Samson  Steel  Shot,  with  data  and  information 
in  regard  to  their  use. 
In    charge   of   booth:    John    C.    Pangborn,    vice    president;    H.    D.    Gates. 

sales  manager  and  F.  E.  Wolf,  district  sales  engineer. 
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Pannier    Bros.    Stamp    Company,    Pittsburgh.    Space    S126,    will    exhibit: 

Steel    Stamps,     Steel     Stamping    dies,    Steel     Embossing    dies;     Terne 

Plate  dies,  Metal  shipping  tag  addresser,  Pipe  tag  marking  machine. 

Embossing    numbering    machine,     marking     equipment     for     Sheets, 

Plates   and    Structural    materials    including   rul)l)cr    dies    and   holders, 

interchangeable  rubber  type  and  holders  and  rubber  heat  stamps. 

In   charge  of   booth:   O.    M.    Pannier,   president;   W.   J.    Pannier   Jr.,   vice 

president;    F.    Speicher    Jr.,    superintendent;    VV.    VV.    Hague,    business 

manager;   and   C.  C.   Gray,  manager  of  sales. 

Park  Chemical  Company,  Detroit.     Space   S108,  will  exhibit    : 

Complete  line  of  heat  treating  materials  consisting  of:  case  hardening 

compounds,   cyanides,    cyanide  mixtures,   reheating — lead   pot    carbon, 

quenching  and  drawing  oil.  furnace  cements,  etc. 
In  charge  of  booth:  N.  S.  Schermer  and  J.  N.  Bourg. 

Peerless  Machine  Company,  Racine,  Wis.     Space  SI 35  will  exhibit. 

One    Peerless    high-speed    hack    saw;    one    Peerless    Universal    shaping 
saw — sizes    6   x   6";    and    one    Peerless    Universal    shaping    saw — size 
13  X  13".     All  of  these  saws  are  motor  driven. 
In    charge    of    booth:    H.    J.    Swanson,    general    sales    manager;    A.     H. 
Goetz,   Pittsburgh   representative;   and    R.   W.    Hansen,    Cleveland   rep- 
resentative. 

Penton   Publishing   Company,  Cleveland.     Space   73,  will  exhibit: 
Technical  books  and  periodicals. 

In  charge  of  booth:  J.  D.  Pease,  advertising  manager;  John  Henry,  ad- 
vertising department;  E.  F.  Ross  and  C.  J.  Stark,  editors;  F.  V.  Cole, 
circulation  manager;  S.  Frank,  salesman;  and  S.  H.  Jasper,  Pittsburgh 
manager. 

Pennsylvania    Pump    &    Compressor   Company,   Easton,    Pa.     Space   92A 
will    exhibit: 
Machine    supplying   air   for    Pangborn    Corporation   exhibit. 
In  charge  of  booth:     Ward   Raymond,   vice   president. 

Pittsburgh  Crucible  Steel  Company,  Pittsburgh.     Space  S120  will  exhibit; 

Complete    line    of    steel   manufactured. 
In  charge  of  booth:     F.  B.  Hufnagel. 

Pittsburgh    Instrument   &    Machine    Co.,    Pittsburgh.      Space    S124,    will 

exhibit: 
Brinell   testing  machines;   impact   testing  machines;   metal   sheet   tester; 

metallographic  grinding  machine;   instruments  for  measuring  Brinell 

impressions  and  weight  calculating  instrument. 
In  charge  of  booth:  Paul  Kammerer  and  Charles  Trueg. 

Quigley  Furnace  Specialties  Company,  New  York  City.     Space  61,  will  ex- 
hibit: 
Hytempite,     (high    temperature    cement) — its    application    in    building 
and    repairing    furnace    walls.    Quigley   insulating   brick    for    reducing 
heat   losses   in   furnace    structures. 

In  charge  of  booth:  W.  H.  Gaylord  Jr.  and  D.   F.  McMahon. 

Racine  Tool  &  Machine  Company,  Racine,  Wis.  Space  S140,  will  ex- 
hibit: 
No.  5  Racine  High-Speed  Metal  Cutting  machine  6"  capacity,  motor 
driven,  Racine  Junior  metal  cutting  machine,  motor  driven  4"  ca- 
pacity, Racine  Duplex  band  saw  for  cutting  all  wood,  soft  metals 
and  hard  metals  complete  with  two-speed  transmission  and  gravity 
feed  vise  motor   driven. 
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In    charge   of   booth:    M.    E.    Erskine.    president;    D.    B.    Maxwell,    sales- 
man  and   R.   E.    Fuller,  mechanic. 

W.   S.   Rockwell  Company,  New   York   City.     Space   24   will   exhibit: 

Models    of    operating    furnaces. 
In  charge  of   booth:     J.   X.   Voltnianii   and   C.   D.   Barnbart. 

Rodman   Chemical    Company,   Verona,    Pa.      Space   20,   will    exhibit: 
Case  Hardening  materials,   Luting  materials,  Quenching  oils  and  Tem- 
pering   oils. 

In    charge   of   booth:   Hugh    Rodman,    general   manager;    and    Gordon    A. 
Webb,  Detroit  district  manager. 

Roessler  &  Hasslacher  Chemical  Company,  New  York  City.     Space  S131 
will  exhibit: 

Chemicals :      Sodium    Cyanide,    Roessler    &    Hasslacher    Hardener,    Gran- 
ular    (96-98    per    cent)  ;    Granular    (73-76    per    cent)  ;    Cyanegg    (73-76 
per  cent);   Block    (73-75   per   cent);    Copper    Cj'anide;    Zinc;   Sodium 
Prussiate;   Potassium   Prussiate;   Soda  Ash;    Caustic   Soda. 
Case    Hardened   gears,   pinions,    etc. 
In   charge   of   booth:      C.    H.    Proctor,   metallurgical   and   plating    expert; 
\Vm.   M.    Gager,   metallurgical   expert,   and   a   Pittsburgh   representative 
from  sales  office. 
F.   J.   Ryan   &    Co.,   Philadelphia.      Space    S132,   will    exhibit: 

Different    types    of    burners;    model    of    new    pattern    sectional    furnace 
construction;   automatic   control   for    high   and   low   pressure   burners. 
Enlarged   photos   of   type  of   installations. 
In   charge   of   booth:   J.   L.    Edwards,   manager,    Pittsburgh   office;    F.   A. 
Hall,    sales    department,    Philadelphia   office;    G.    F.    Beach,    chief   engi- 
neer,  Philadelphia   office;   and    F.   J.    Ryan,   president,    Philadelphia. 
Scientific   Materials   Company,  Pittsburgh.     Space   S128,   will  exhibit: 
Brinell    machine;     F.     &     F.     optical    pyrometer;     Scientific     Materials 
Company's  optical  bench;  polishing  and  grinding  machines;  levigated 
alumina. 
In  charge  of  booth:   E.   H.  Fisher,  E.   C.   Mateja  and   E.   P.   Dillinger. 
Shore  Instrument  &  Mfg.  Co.,  Jamaica,  N.  Y.     Space  S133,  will  exhibit: 
Latest    improved    C-type    Scleroscope    (bulb    type).      Latest    improved 
model    "D"    recorder    (Dial    type).      These    instruments    are    for    the 
testing    of    hardness    of    metals.    A    and    B    type    Pyroscope — optical 
temperature    indicators    from    1200    Fahr.    to    3000    Fahr.     Elastom- 
eter  and   Durometer — testing  plastic   materials   as  rubber.      Localcase 
is   used   in    carburizing   and    Localhard   is    used    for    Tool    Steel — also 
various  fixtures   for  holding  work  while  testing. 
In  charge  of  booth:  F.   G.  Kendall  and  assistant. 

The  Spencer  Turbine  Company,  Hartford,  Conn.     Space  95,  will  exhibit: 
Catalogue   No.   1515  turbo  compressor;   Catalogue   No.   1505   turbo  com- 
pressor  and   catalouge    No.    1001    turbo   compressor   as   used   for   sup- 
plying air  in   connection  with   oil  or  gas   burning  industrial   furnaces, 
foundry   cupolas,  etc. 
In  charge  of  booth:  H.  M.  Grossman,  sales  engineer;  and  O.  J.   Dingee, 

engineer. 
Steel    City   Testing   Laboratories,    Pittsburgh.     Space    S150,    will   exhibit: 

Latest    Model   Brinell    Machines. 
In    charge    of   booth:      H.    A.    Weaver. 

Surface   Combustion  Company,   New  York   City.    Space    17,  will   exhibit: 
Surface   Combustion  products  as  follows:   low  pressure  air-gas   inspira- 
tor;   high    pressure    air-gas    inspirator;    velocity'    burner;    impact    and 
tunnel  burners;  combination  oil  and  gas  burner. 
In  charge  of  booth:  F.  J.  Winder  and  W.   M.   Hepburn. 
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Tacony  Steel  Company,   Philadelphia.     Space  48,  will  exhibit: 

Alloy  bar   steel,   forj^ings,   die   blocks,   piston   rods   and  trimmer   steel. 

In  charge  of  booth:  H.  A.  Baxter,  general  manager  of  sales;  C.  W.  For- 
cier,   Pittsburgh  district  sales  manager. 

Tate-Jones  &  Company,  Inc.,  Pittsburgh.  Space  S129,  will  exhibit: 

Oil    and    gas    burners.      Automatic    control    apparatus    for    oil    and    gas 
furnaces;   automatic  electric   heat   treating   furnace   information;    con- 
tinuous   oil,    gas    and    coal    fired    heat    treating    furnace    information. 
Standard  annealing,   hardening,  heat  treating  and  forging  furnace  in- 
formation. 
In  charge  of  booth:  L.  C.  Jacobus,  sales  manager;  L.  S.  Kelso,  and  H.  E. 
Marks,  Pittsburgh  district  representatives;   Edward  Busch,  Detroit  dis- 
trict representative;  James   H.    Knapp,   Los   Angeles   district  represen- 
tative;  P.  J.  Myall  and  J.  L.  Stroman,  Chicago  district  representatives; 
W.   M.  Smith,   New   York  district  representative;   and   George   Ellerton, 
Pittsburgh  office. 

Taylor  Instrument  Company,  Rochester,  N.  Y.     Space  34  will  exhibit: 
The   exhibit  will  consist  of   portable   and   stationary   type  electrical   py- 
rometers   both    indicating    and    recording    also    including    a    full    line 
of  heavy  duty  and  high  temperature  thermocouples.     Also  thermom- 
eters   for    oil,    brine    and    lead    tempering    baths,    electrical    controls, 
solenoid   valves,    recording   thermometers   and   pressure   gages. 
In  charge  of  booth:     E.  C.  Taylor,  Pittsburgh;  Avery  Taylor,  Pittsburgh 
and  G.  A.  Howell,  Rochester,   N.   Y. 

Tinius    Olsen   Testing    Machine    Company,    Philadelphia.      Space    72    will 
exhibit: 
One    small   Universal   Testing   Machine.      Also   attachments   for    Brinell 
Hardness,    Ductility  of   Sheet   Metal,   and   for   testing   welds   of   weld- 
ing   material.      Also    various    Ductility    Testing    Machines. 
Impact   or    Repeated    Impact   Testing    Machines,   an    Elasticity    Testing 
Machine   for   wire,   various   instruments,    such   as    Extensometers   and 
Strain  Gages  and  also  various  types  of  Hardness  Testers   to   include 
the  Olsen  Hydraulic  Brinell  Hardness  Testers,  the  Olsen  Last  Word 
Hardness  Testers  of  two   sizes  and  also  a   number  of  the  New  Her- 
bert   Pendulum    Hardness    Testers,    which    will    be    exhibited    for    the 
first  time  in  the  United  States.     Edward  G.   Herbert  himself  expects 
to   take   a   trip    over   to   this   country   and   attend   the   convention   and 
exposition    in    Pittsburgh    and    will    have     his    headquarters    at    this 
booth    during   that   time. 
One   of   the    latest   Olsen-Carw'en    Static-Dynamic    Balancing    Machines 
with    all    the    latest    improvements    for    testing    rotating    par.ts    as    is 
now    used   by   many    of    the    large    motor    and    automobile    manufacturers 
throughout   the    country. 
In  charge  of  booth:      R.   B.   Lewis,   Tinius   Olsen,   T.   Y.    Olsen,  and   Ed- 
ward  G.    Herbert,    Manchester,   England. 

Union  Electric  Steel   Corporation,   Carnegie,   Pa.     Space  55   will  exhibit: 

Die  Blocks,  Piston  Rods,  Rams  and  Trimmer  .Steel. 
In  charge   of  booth:     W.   L.  Goodrich,  Ross  J.   Emcrj^    David   Stuart,    I. 

J.   Johnson,   W.    H.    Rieger   and    R.    E.    Lee. 

United  Alloy  Steel  Company,  Canton,  Ohio.  Space  10-11  will  exhibit: 
Automotive  parts   and   industrial   parts   made   from   alloy  steel. 

In  charge  of  booth:  H.  H.  Pleasance,  vice  president;  W.  H.  Wiewel, 
assistant  manager  of  sales;  M.  F.  McOmber.  district  sales  agent;  and 
F.  W.  Krebs,  sales  engineer. 

United  States  Chain  &  Forging  Co.,  Pittsburgh:  Space  S134  will  exhibit: 
A   display    of    heat    treated    and    tested    chain    showing    the    advantages 
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of   heat   treatment   over    the    untreated    chain. 
In  charge  of  booth:      Frank  A.    Bond,   Frank   L.    Canipltell,   W.   G.    Hardv 
and   William   H.   Reid. 

The  V  &  O  Press  Company,  Hudson,  N.   Y.     Space  86  wiM   exhibit: 
V    &    O    Double    Length    Slide    Inclinab'le    Power    Press;    a    mcdel    of 

our    Press    Clutch;    a    set    of    parts    for    a    Standard    Press;    various 

sample  boards,  photographs,  etc. 
In  charge  of  booth:   Edward   Cairns  and   R.    O.   Brunst. 

Vanadium-Alloys  Steel  Company,  Latrobe,  Pa.  Space  29-30  will  exhibit : 
Tool  steels  treated  in  different  ways;  tool  steel  fractures.  Various 
tools  showing  uses  of  tool  steels.  Products  made  from  tools  made 
of  tool  steel. 

In  charge  of  booth:  A.  F.  Chilcott.  Buffalo;  W.  R.  Mau,  A.  G.  Henry, 
and  R.  F.  Noonan,  all  of  Chicago;  F.  W.  Potts,  Cincinnati;  J.  H. 
Caler,  R.  L.  Daull  and  T.  J.  Van  de  Motter,  all  of  Cleveland;  J.  S. 
Cole,  Dayton ;  A.  F.  McFarland,  Dearborn ;  D.  D.  Dodd,  Detroit ;  D. 
A.  Black  and  L.  G.  Murray  of  Dorchester,  Mass.;  E.  B.  Kitfield. 
Wallingford,  Conn.;  J.  A.  McKay,  Jersey  City,  N.  J.;  A.  W.  Stephen- 
son, Philadelphia;  F.  C.  Comas,  Reading;  H.  P.  Edison  and  R.  R. 
Artz  of  Pittsburgh;  D.  L.  Bardes,  McKees  Rocks,  Pa.;  and  W.  S. 
Dunlay,   St.    Louis. 

Vanadium   Corporation   of   America,    New    York   City.     Space    16-25   will 
exhibit: 

Specimens   of  Vanadium   ore   and    Ferro    Vanadium. 
In  charge  of  booth:     Colonel  M.   G.   Baker,  vice  president;   B.   D.   Saklat- 

walla,  general  manager;  Geo.   L.   Norris,   C.   F.   Fritz,  J.   A.   Miller,   Jr.. 

Walter   Flannery  and   H.   T.   Chandler. 

Vulcan  Crucible  Steel  Company,  Aliquippa,  Pa.     Space  S127  will  exhibit: 
Tool    Steels    (high    speed,    alloy    and    carbon);    special    steels    and    ma- 
terials  used   in  their   manufacture   and   tools   and  parts   made   from  them. 
In  charge  of  booth :     G.   L.   Kronfeld  and  A.   D.   Beeke'n  Jr. 

Warner  &   Swasey   Company,   Cleveland.     Space   S118  will   exhibit: 

2  A  Universal   hollow   hexagon   turret   lathes.     The    design   of   this   ma- 
chine makes  it  readily  adaptable  for  machining  both  bar  and  chuck- 
ing  work   and   these    features    will   be    demonstrated. 
In  charge  of  booth:     A.   C.   Cook,   general   sales  manager;    C.   J.   Stilwell. 
domestic    sales    manager;    A.    H.    Keetch,    district    manager    of    Buffalo 
and   Pittsburgh   territories;   J.    E.   Figner,   district    representative,    Pitts- 
burgh;   and    E.    Kunze,    demonstrator. 

Westinghouse  Electric   &    Mfg.   Co.,   East   Pittsburgh.     Space    77~7i   will 

exhibit: 

Four  muffle  furnaces  with  control  features:  Tvpe  B-36,  Type  B-14, 
Type  B-12,  Type  L-5-12.  One.  Type  R-14  crucible  furnace,  One, 
Type  K-10  oven,  Two,  low-temperature  melting  pots.  One,  small 
combustion  tube  furnace.  One,  small  solder  pot;  two.  Type  C  over 
heaters;    one,    air    heater,    and    eight,    space    heaters. 

Wilson-Maeulen  Company,  New  York  City.  Spaces  S138-139  will  exhibit : 
Pyrometers,    Rockwell    Hardness    Testers. 

In   charge   of   booth:      S.    C.    Horn,    C.   E.    Hellenberg   and    Harvey    Lee. 

Witherow   Steel   Company,  Pittsburgh,   Pa.     Space   39   will   exhibit: 

Continuous  die  rolled  products  consisting  of  rolled  sections,  front 
axles,   riiig  gears  and   rear   axle   drive   shafts. 

In  charge  of  booth:  W.  P.  Witherow,  president;  J.  S.  Langston,  gen- 
eral sales  manager;  W.  C.  Emory,  assistant  sales  manager;  and  L. 
Leibinger,   sales   engineer. 
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THE  HARDENING  OF  STEEL 
By  Zay  Jeffries  and  R.  S.  Archer 

Abstract 

In  this  paper  there  are  given  a  general  definition  of 
hardness,  a  brief  statement  of  a  general  theory  of  the 
hardening  of  metals,  and  a  detailed  conception  of  the 
nature  of  hardened  steel  and  of  the  causes  for  its  hard- 
ness. Martensite  is  considered  to  owe  its  hardness  chiefly 
to  the  very  small  grain  size  of  the  Alpha  iron  of  which 
it  is  composed.  Aging  or  mild  tempering  causes  a  pre- 
cipitation of  very  fine  particles  of  cementite  which  con- 
stitute an  additional  hardening  factor.  The  softening  of 
hardened  steel  by  tempering  is  due  to  the  growth  of  the 
Alpha  iron  grains  and  of  the  cementite  particles. 

THE  nature  of  hardened  steel  and  the  cause  of  its  hardness 
were  for  many  years  among  the  chief  subjects  of  metallurg- 
ical investigation  and  discussion.  A  point  was  finally  reached 
when  it  appeared  that  further  theoretical  discussion  was  nothing 
more  than  idle  speculation  because  of  the  lack  of  sufficient  fact 
evidence.  In  1915,  Sauveur  made  the  following  statements  as  a 
conclusion  to  a  paper  on  "Metallography  and  the  Hardening  of 
Steel." 

"It  will  be  obvious  from  the  foregoing  that  the  many  recent 
attempts  at  arriving  at  a  satisfactory'  explanation  of  the  hardening 
of  steel  are  based  on  one  or  more  of  the  following  conceptions : 
(1)  existence  of  a  hard  allotropic  variety  of  iron,  (2)  existence 
of  solid  solutions  involving  the  occurrence  of  so-called  "hardening" 
carbon,  and  (3)  existence  of  strains  in  quenched  steel  causing 
or  not  an   amorphous  condition   of   the  iron. 

"It  will  likewise  be  obvious  that  no  theory  so  far  presented 
fully  satisfies  our  craving  for  a  scientifically  acceptable  explafia- 
tion  of  the  many  phenomena  involved. 

"It  would  seem  as  if  the  methods  used  to  date  for  the  elucida- 
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tion  of  this  complex  problem  have  yielded  all  they  are  capable  of 
yielding  and  that  further  straining  of  these  methods  will  only 
serve  to  confuse  the  issue,  a  point  having  been  reached  when  this 
juggling,  no  matter  how  skillfully  done,  with  allotropy,  solid  sol- 
utions, and  strains  is  causing  weariness  without  advancing  the 
solution  of  the  problem.  The  tendency  of  late  has  been  to  aban- 
don the  safer  road  of  experimental  facts  and  to  enter  the  maze 
of  excessive  speculations^  in  which  there  is  great  danger  of  some 
becoming  hopelessly  lost. 

"The  conclusion  seems  warranted  that  new  avenues  of  ap- 
proach must  be  found  if  we  are  ever  to  obtain  a  correct  answer 
to  this  apparent  enigma." 

For  a  number  of  years  there  has  been  a  lull  in  the  discussion 
of  this  subject.  Recently  there  has  become  available  additional 
experimental  evidence  bearing  on  the  constitution  of  hardened 
steel,  so  that  it  now  appears  profitable  to  resume  the  considera- 
tion of  the  cause  or  causes  of  its  hardness. 

The  authors  have  had  occasion  to  make  a  careful  analysis  of 
the  various  properties  of  metals  and  alloys,  and  to  develop  a  gen- 
eral theory  of  hardening.  This  was  published  under  the  title 
"The  Slip  Intefrerence  Theory  of  the  Hardening  of  Metals"  in  the 
June  15,  1921  issue  of  C//r;n/Va/  &  Metallurgical  Engineering.  In  the 
latter  part  of  that  article  the  hardness  of  steel  was  considered  as 
a  special  application  of  this  general  theor}'.  Since  that  time  there 
has  been  much  discussion  of  the  views  put  forth  and  some  addi- 
tional evidence  has  accumulated.  It  is  the  purpose  of  this  paper 
to  summarize  the  evidence  bearing  on  the  nature  of  hardened  steel 
and  to  present  the  views  of  the  authors  regarding  the  causes  of 
hardness  in  the  light  of  all  evidence  available  up  to  date.  As  a 
preliminar}"  to  the  discussion  of  steel,  there  will  be  given  a  brief 
statement  of  the  general  theory  of  hardness. 

Definition   of  Hardness 

'ihe  general  terms  "hardness"  and  "strength"  connote  a  num- 
ber of  more  specific  physical  properties.  The  most  definite  of  these 
is  the  proportional  limit  or,  what  is  practically  the  same  thing,  the 
ela.stic  limit.  The  common  measure  of  the  strength  of  a  material 
is  its  "tensile  strength,"  or  the  maximum  intensity  of  tensile  stress 
endured  before  rupture,   calculated   on   the   original   cross-sectional 
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area  of  the  test-piece.  This  is  obviously  a  more  complex  property 
than  the  elastic  limit.  Hardness  may  mean  resistance  to  indentation, 
as  measured  by  the  Brinell  test,  resilience,  as  measured  by  the 
Shore  scleroscope,  scratch  hardness,  cutting  hardness,  resistance 
to  machining,  or  some  other  special  kind  of  hardness.  All  of  these 
properties  may  be  embraced  in  the  general  definition :  Hardness 
is  resistance  to  permanent  deformation. 

Fundamental  Cause  of  Hardness 

Metals  owe  their  resistance  to  deformation  to  the  forces 
between  the  atoms.  These  forces  are  both  attractive  and  repul- 
sive. Repulsive  forces  are  manifested  by  the  resistance  of  metals 
to  hydrostatic  pressure  by  which  the  atoms  are  forced  closer 
together  in  all  directions.  Under  ordinary  compression  loading,  the 
atoms  are  forced  together  in  the  direction  of  the  compression  but 
apart  in  the  direction  of  the  secondary  tensile  stresses.  Under 
direct  tension  the  distances  between  atoms  are  increased  in  the 
direction  of  the  load  and  decreased  at  right  angles,  that  is  in  the 
direction  of  the  secondary  compressive  stresses.  There  is  no  condi- 
tion of  loading  corresponding  to  a  negative  hydrostatic  pressure, 
under  which  the  interatomic  distances  would  be  increased  in  all 
directions. 

Any  permanent  deformation  of  a  metal  involves  changes  in 
the"  relative  positions  of  some  of  the  atoms,  and,  therefore,  the 
breaking,  temporarily  at  least,  of  some  interatomic  "bonds."  The 
rupture  of  any  material,  whether  with  or  without  permanent  de- 
formation, also  involves  the  breaking  of  interatomic  bonds.  The 
greatest  possible  resistance  that  a  material  can  offer  to  deforma- 
tion or  rupture  is  the  summation  of  all  the  interatomic  bonds  on 
a  plane  through  the  specimen  normal  to  the  stress,  a  summation 
which  may  for  convenience  be  termed  the  "absolute  cohesion"  of 
the  material.  Actually  such  a  summation  of  forces  is  never  real- 
ized, because  rupture  always  takes  place  by  degrees,  and  the  break- 
ing of  atomic  bonds  is  not  simultaneous.  The  tensile  strength  of  a 
material  merely  represents  the  maximum  number  of  atomic  bonds 
that  come  into  play  simultaneously  during  the  test. 

Great    Inherent    Cohesion   of    Metals 
Absolute  cohesions  of  metals  are  far  in  excess  of  the  values 
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obtained  for  tensile  strength.  A  qualitative  illustration  of  this 
fact  may  be  found  in  a  consideration  of  some  properties  of  pure 
iron.  The  tensile  strength,  after  hot-rolling,  is  -  about  40,000 
pounds  per  square  inch,  a  value  repre.senting  as  usual  the  maxi- 
mum load  divided  by  original  cross-section.  If  the  actual  reduced 
area  of  the  test-piece  is  measured  throughout  the  progress  of  the 
test  and  the  stress  computed  on  this  basis,  a  value  will  be  found 
for  the  maximum  stress  which  is  much  higher  than  the  tensile 
strength.  The  maximum  stress  will  then  be  about  80,000  pounds 
per  square  inch.  Severely  cold-worked  iron  may  show  a  tensile 
strength  of  150,000  pounds  per  square  inch.  The  maximum  ac- 
tual stress  is  again  somewhat  higher  (165.000).  but  not  in  so  large 
a  ratio  as  in  the  case  of  the  hot-rolled  iron.  Even  in  the  cold- 
worked  iron,  rupture  still  takes  place  by  degrees — that  is,  by  a 
kind  of  tearing  action — so  that  the  highest  of  these  figures  still 
does   not  represent   the  inherent  absolute   cohesion. 

Some  very  interesting  tests  of  glass  have  been  reported  by 
Griffith^.  In  ordinary  fibers  of  0.040-incli  diameter  the  material 
had  a  tensile  strength  of  about  25,000  pounds  per  square  inch. 
The  tensile  strength  was  found  to  increase  as  the  diameter  of 
the  fibers  decreased,  and  in  very  fine  fibers,  carefully  prepared, 
surprisingly  high  values  were  obtained.  The  maximum  strength 
recorded  was  498,000  pounds  per  square  inch  at  a  diameter  of 
0.00016  inch.  Plotting  the  reciprocal  of  the  tensile  strength 
against  the  diameter  of  the  fiber  and  extrapolating  to  zero  diam- 
eter, Griffith  found  a  value  of  1,600,000  pounds  per  square  inch 
representing  the  theoretical  "absolute  cohesion"  of  the  glass. 

Calculations  based  on  the  energy  required  to  separate  the 
atoms  of  metals  by  vaporization  give  values  up  to  about  5,000,000 
pounds  per  square  inch  for  the  "intrinsic  pressure,"  a  quantity 
which  is  theoretically  of  the  same  order  of  magnitude  as  the  ab- 
solute cohesion. 

The  accuracy  of  Griffith's  extrapolation  and  of  values  for 
cohesion  derived  from  the  heat  of  vaporization  may  be  questioned. 
The  actual  numerical  values  reached  are  of  little  significance.  The 
important  thing  is  that  metals  possess  very  great  inherent  co- 
hesion, greater  probably  than  is   ever   realized   in   tensile   tests   of 


1.     The  Phenomena  of  Rupture  and  Flow  in   Solids.     A.    \.   Orilfith,   PhilnsnphirnI   Trans- 
actions, Series  A,  Vol.   221,  pp.   16.3-198. 
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the  pure  metals  or  their  strongest  alloys.  Looked  at  from  this 
point  of  view,  the  problem  of  the  hardening  and  strengthening 
of  metals  hy  various  means  becomes  more  simple.  Instead  of 
inquiring  why  metals  are  so  strong,  we  may  better  ask  why  metals 
are  so  weak. 

Hardening  Dl'e  to  Slip  Interference 

Metals  are  crystalline  and  are  built  up  of  atoms  arranged  in 
definite  and  repeating  patterns.  The  regularity  of  atomic  arrange- 
ment gives  rise  to  certain  planes  of  weakness,  or  low  resistance 
to  shearing  stress.  When  an  external  load  produces  a  shearing 
stress  on  such  a  plane  which  exceeds  the  resistance  of  the  crystal 
to  shear  on  that  particular  plane,  fracture  of  the  cr>'stal  takes 
place.  The  fragments  formed  may  or  may  not  adhere  to  each  oth- 
er. If  they  do  not.  the  failure  of  the  crystal  is  complete,  and  it  is 
said  to  be  brittle.  The  plane  of  weakness  is  then  known  as  a 
cleavage  plane.  More  generally,  in  the  useful  metals,  the  crystal 
fragments  adhere  and  merely  glide  or  "slip"  over  each  other.  The 
result  of  such  slip,  repeated  on  many  planes,  is  a  measurable  per- 
manent deformation,  the  crystal  is  ductile,  and  the  planes  of  weak- 
ness are  called  "slip  planes." 

The  first  appreciable  formation  of  slip  planes  marks  the  be- 
ginning of  plastic  deformation  and  therefore  the  passing  of  the 
elastic  limit.  The  resistance  to  permanent  deformation,  which  is 
a  general  measure  of  hardness  and  strength,  represents  resistance 
to  the  beginning  and  propagation  of  slip.  Anything  that  serves 
to  hinder  slip  is  a  source  of  strength  and  hardness.  The  hardening 
and  strengthening  of  metals  hy  any  of  the  knoivn  methods  may 
be  considered  as  due  principally  to  interference  zvith  slip. 

Hardening  Effect  of  Grain  Refinement 

In  an  aggregate  of  many  grains  of  different  orientation,  there 
cannot  be  any  continuous  plane  of  weakness.  The  application  of 
a  load  cannot  produce  any  slip  planes  extending  entirely  across 
the  section,  as  in  the  case  of  a  single  grain.  When  slip  takes 
place  in  any  one  grain  it  cannot  continue  without  change  of  di- 
rection into  adjacent  grains  because,  except  in  very  rare  instances, 
the  potential  slip  planes  of  adjacent  grains  do  not  register.     The 
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permanent  deformation  of  the  metal  is  thus  resisted  at  the  grain 
boundaries  by  the  disregistry  of  the  planes  of  low  cohesion,  and, 
especially  in  fine-grained  metals,  by  the  specific  hardness  of  the 
amorphous  cement,  which  hardness  itself  is  due  to  the  absence  of 
planes  of  weakness.  The  result  is  an  increase  in  elastic  limit,. 
hardness,  and  strength. 

Hardemxg  by  Cold  \\'orkixg 

The  permanent  deformation  of  a  metal  by  cold-work  involves 
the  breaking  of  the  grains  into  fragments  along  intersecting  sys- 
tems of  slip  planes,  and  movement  of  these  fragments  with  respect 
to  each  other.  In  the  first  stages  of  deformation  the  crystalline 
fragments  within  any  one  grain  undoubtedly  retain  considerable 
uniformity  of  orientation.  As  the  deformation  proceeds,  there 
must  be  some  rotational  movement  of  the  fragments,  this  being 
especially  true  near  the  old  grain  boundaries.  Insofar  as  new 
orientations  are  created,  the  efifect  is  equivalent  to  grain  refinement. 
It  is  probable  that  even  after  severe  cold-working  there  is  still 
general  uniformity  of  orientation  in  the  fragments  of  any  par- 
ticular grain.  The  slip  interference  at  the  surfaces  between  such 
fragments  of  somewhat  similar  orientation  is,  therefore,  more  on 
the  order  of  the  interference  at  twinning  planes  than  of  the  inter- 
ference at  grain  boundaries.  Additional  interference  is  oflfered 
by  such  amorphous  metal  layers  as  may  be  formed  at  the  slip 
planes. 

Nature  of  Solid  Solutions 

It  is  a  general  rule  that  metals  are  hardened  and  strengthened 
by  the  addition  of  elements  which  dissolve  in  them  to  form  solid 
solutions.  Our  knowledge  of  the  structure  of  solid  solutions  is 
quite  limited,  but  from  the  results  so  far  obtained  it  seems  that 
the  atoms  of  the  solute  replace  those  of  the  solvent  without  sub- 
stantial change  in  the  space  lattice  of  the  latter,  up  to  the  limit 
of  the  first  or  "Alpha"  solution  in  case  of  limited  solubility,  or 
the  first  of  a  series  of  solid  solutions.  This  conclusion  is  based 
upon  studies  of  alloy  series  in  which  the  components  have  similar 
atomic  volumes,  and  somewhat  different  conditions  may  obtain  when 
this  criterion  is  violated.     There  is  good  reason  to  believe,  however. 
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that  in  all  cases  solid  solutions  are  characterized  hy  the  atomic  dis- 
persion of  their  components. 

Condition   of   Compounds   in    Solution 

When  an  intermetallic  compound  forms  and  dissolves  in  one 
of  the  component  metals,  it  is  commonly  considered  to  go  into 
solution  "as  such."  For  example,  austenite  has  heen  generally 
held  to  be  a  solution  in  "Gamma"  iron  of  iron  carbide  rather  than 
of  elementary  carbon.  This  implies  that  distinct  molecules  of  iron 
carbide  are  dispersed  in  the  Gamma  iron. 

From  the  evidence  available,  and  particularly  from  a  consid- 
eration of  the  phenomena  of  diffusion,  the  authors  have  reached 
the  conclusion  that  this  is  not  the  case,  but  that  the  carbon  in 
austenite  is  present  as  individual  atoms  of  carbon.  These  atoms 
are  undoubtedly  held  strongly  to  the  neighboring  iron  atoms,  but 
the  union  is  not  permanent.  Diffusion  must  consist  in  a  migration 
of  carbon  atoms  and  not  of  groups  or  "molecules"  containing  sev- 
eral iron  atoms.  Such  groups  could  not,  on  account  of  their  size, 
diffuse  through  solid  iron. 

According  to  this  view  cementite  has  no  existence  except  as 
a  crystalline  substance,  which  is  not  merely  precipitated  but  foniicd 
on  the  decomposition  of  austenite. 

Hardness  of  Solid  Solutions 

The  increased  hardness  and  strength  of  solid  solutions  are 
traceable  directly  to  increased  interatomic  forces,  the  attraction  be- 
tween unlike  atoms  being  in  general  greater  than  between  like 
atoms.  We  may  conceive  an  additional  mechanical  factor  in  the 
form  of  a  roughening  of  the  slip  planes  due  to  the  presence  of 
atoms  of  unlike  size,  or,  as  Bridgman  puts  it,  a  staggered  arrange- 
ment of  the  atoms.  The  hardening  and  strengthening  effects  of 
grain  refinement  and  cold-working  ai)ply  to  solid  solutions  as  well 
as  to  pure  metals,  and  are  superimposed  upon  the  hardening  effect 
of  the  solute. 

Metallic  Compounds 

The  structural  constituents  in  alloys  which  possess  the  great- 
est specific  hardness  and  strength  are  the  intermetallic  compounds 
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and  nonmetallic  compounds  such  as  oxides.  In  general,  these 
compounds  are  of  a  low  order  of  symmetry,  which,  together  with 
the  large  interatomic  forces  involved,  accounts  for  their  great 
hardness.  The  atoms  are  probably  arranged  in  such  a  way  that 
those  of  one  element  are  not  interchangeable  with  those  of  another 
element.     This  would  account  for  their  lack  of  plasticity. 

One  of  the  most  important  considerations  in  the  loading  of  any 
brittle  material  is  eccentrically  distributed  stress.  A  ductile  ma- 
terial subjected  to  eccentric  loading  quickly  adjusts  itself  by  per- 
manent deformation  at  any  points  where  the  stress  exceeds  the 
elastic  limit,  with  comparatively  little  damage.  This  is  not  possible 
in  a  brittle  substance,  and  if  the  stress  at  any  point  in  a  piece 
subjected  to  load  exceeds  the  elastic  limit,  rupture  results.  It 
is  obviously  easier  to  avoid  local  overstressing  in  small  pieces  than 
in  large  pieces.  This  accounts  for  the  fact  that  many  materials, 
which  are  commonly  thought  of  as  very  fragile,  show  remarkably 
high  strength  when  tested  in  small  sections.  Vitreous  silica,  for 
example,  is  quite  easily  broken  when  in  fairly  large  pieces,  al- 
though it  shows  a  tensile  strength  as  high  as  160,CXX)  pounds  per 
square  inch  in  the  form  of  fibers. 

This  point  is  important  in  the  present  discussion  in  connection 
with  intermetallic  compounds.  These  substances  are  as  a  rule 
hard  and  brittle,  and  are  too  commonly  considered  to  be  weak. 
Their  true  strength  when  properly  protected  against  eccentric  load- 
ing by  their  small  size  and  by  imbedding  in  a  ductile  matrix  is 
undoubtedly  very  high.  We  may  safely  assume  that  cementite, 
for  example,  has  a  strength  of  several  hundred  thousand  pounds 
per  square  inch. 

The   Obstruction    Principle 

It  has  long  been  recognized  that  the  presence  of  a  hard  and 
strong  constituent  in  an  alloy  may  strengthen  it  by  opposing  the 
"flow,"  or  slip,  or  the  weaker  constituent.  Just  as  slip  is  opposed 
at  the  grain  boundaries  of  a  pure  metal  by  the  change  in  orienta- 
tion, it  may  be  opposed  to  a  still  greater  extent  if  the  material  at 
the  grain  boundary  possesses  in  addition  to  its  different  orientation 
a  specifically  greater  hardness.  The  most  familiar  example  of  this 
is  the  reinforcing  effect  of  the  pearlite  constituent  in  hypoeutectoid 
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steels.  \\  hile  pearlite  is  not  a  single  constituent,  it  may  well  be 
imagined  to  have  an  effect  like  that  exerted  by  hypothetical  similar 
grains  of  a  strong  solid  solution.  The  structurally  free  ferrite 
is  the  continuous  phase,  in  which  the  pearlite  is  scattered  as  dis- 
connected islands.  If  the  free  ferrite  were  a  structureless  amor- 
phous substance,  the  pearlite  could  produce  only  a  mild  strength- 
ening effect,  by  a  sort  of  frictional  resistance  to  flow,  but  the 
ferrite  is  crystalline  and  yields  only  by  slipping  on  its  crystallo- 
graphic  planes  of  weakness,  and  such  slip  is  opposed  by  the 
rigidity  of  the  pearlite. 

This  mechanism  of  hardening,  which  has  been  described  as 
the  "obstruction  principle,"-  refers  particularly  to  reinforcement 
of  a  continuous  ductile  matrix  by  grains  of  a  stronger  constitu- 
ent which  are  similar  in  size  to  the  grains  of  the  matrix.  The 
grains   of   the   matrix  are   strengthened   by    external   support. 

Hardening  by  Particles  ^^'ITHIN  Grains 

Metals  can  be  hardened  to  a  still  greater  degree  by  a  hard 
substance  in  the  form  of  small  particles  dispersed  within  the 
grains.  A  familiar  example  of  this  hardening  action  is  found  in 
granular  pearlite.  A  steel  containing  0.90  per  cent  carbon  in  the 
form  of  small  round  particles  of  cementite  having  an  average 
diameter  on  the  order  of  0.0001  inch  has  a  Brinell  hardness  of 
about  170  as  compared  with  a  hardness  of  about  80  for  the  ferrite 
matrix  when  free  from  carbon. 

The  ability  of  disconnected  particles  of  a  hard  substance  to 
harden  a  matrix  is  dependent  on  the  crystalline  structure  of  that 
matrix.  The  ferrite  matrix  in  the  steel  just  mentioned  is  soft 
because  of  the  presence  of  many  planes  of  weakness.  The  ce- 
mentite particles  scattered  through  this  matrix  harden  it  by  in- 
terfering with  slip  along  these  planes.  The  particles  may  be  con- 
sidered to  act  as  keys  mechanically  obstructing  any  motion  along 
the  planes  of  weakness.  The  result  is  increased  clastic  limit, 
hardness  and  strength. 

The  hardening  effect  of  a  given  amount  of  hard  material 
thus  dispersed  within  the  grains  of  a  ductile  crystalline  matrix   is 

2.     The  Metallography  of  Steel  and  Cast   Iron.     Henry   M.    Howe. 
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very  largely  dependent  on  the  size  of  the  particles.  Troostite  con- 
sists of  particles  of  cementite  of  submicroscopic  size  dispersed  in 
ferrite.  A  steel  containing  0.90  per  cent  carbon  in  the  troostitic 
condition  has  a  Brinell  hardness  around  400  or  500.  This  greatly 
increased  hardness  as  compared  to  granular  pearlite  is  due  partly 
to  the  much  smaller  size  of  the  cementite  particles  and  partly  to 
the  smaller  size  of  the  grains  of  the  ferrite  matrix. 

The  effect  of  particle  size  is  masked  in  the  case  of  steel  by 
accompanying  changes  in  the  grain  size  of  the  matrix.  The 
principles  are  shown  more  clearly  in  certain  aluminum  alloys 
in  which  the  size  of  the  hard  dispersed  particles  can  be  varied 
through  a  wide  range  without  any  change  in  the  grain  size  of 
the  matrix.  From  a  study  of  these  alloys  it  appears  that  the 
hardness  increases  as  the  particle  size  decreases  but  that  a  particle 
size  is  finally  reached  which  produces  maximum  hardness. 
Smaller  particles  have  somewhat  less  hardening   effect. 

The  average  size  of  particle  which  produces  maximum  hard- 
ness has  been  referred  to  as  the  critical  size  and  the  hard  sub- 
stance is  said  to  be  in  a  condition  of  critical  di.spersion. 

Grain  Refinement  in  Iron  at  A3  Point 

When  pure  iron  is  heated  above  900  degrees  Cent.  (1652 
degrees  Fahr.)  so  as  to  cause  the  A3  allotropic  change  to  take 
place,  there  occurs  a  complete  change  in  its  crystalline  structure. 
The  body-centered  cubic  lattice  of  the  Alpha  iron  changes  to  the 
face-centered  cubic  lattice  of  Gamma  iron.  There  is  a  contrac- 
tion of  volume  on  the  order  of  1.5  per  cent  when  Alpha  iron 
changes  to  Gamma  iron.  The  grains  of  Gamma  iron  form  from 
many  centers  or  nuclei  which  are  usually  at  the  grain  boundaries 
of  the  Alpha  iron.  The  grain  boundaries  of  the  Gamma  iron  do 
not  coincide  with  old  grain  boundaries  of  the  Alpha  iron.  In 
other  words,  the  transformation  of  Alpha  to  Gamma  iron  not 
only  represents  a  change  in  space  lattice,  but  also  the  entire  dis- 
appearance of  the  Alpha  grains  and  the  birth  of  new  Gamma  iron 
grains  whose  size  and  shape  are  determined  by  the  ordinary  con- 
ditions aff'ecting  grain  growth.  The  A3  transformation  point  is  in  a 
temperature  range  of  grain  growth  for  both  Alpha  and  Gamma 
iron. 
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When  Gamma  iron  is  cooled  through  the  A.^  point  so  as  to 
form  Alpha  iron  an  entirely  new  set  of  Alpha  iron  grains  is 
formed.  The  formation  of  Alpha  iron  involves  an  expansion 
(about  1.5  per  cent  in  volume)  of  the  same  magnitude  as  the 
contraction  when  Alpha  changes  to  (jamma  iron.  The  new  Alpha 
grains  begin  to  form  at  the  grain  boundaries  of  the  Gamma  iron. 
The  size  and  shape  of  the  new  Alpha  grains  will  depend  largely 
on  the  conditions  obtaining  during  and  after  the  transformation. 
Slow  cooling  allows  time  for  growth  of  the  Alpha  grains  and 
favors  the  formation  of  relatively  few  nuclei.  Rapid  cooling,  as 
for  example  water  quenching  from  above  A3,  promotes  the  forma- 
tion of  more  nuclei  and  retards  grain  growth  after  the  transforma- 
tion  is  complete." 

Pure  Iron  Not  Hardened  by  Quenching 

Samples  of  Armco  iron  containing  about  0.02  per  cent  carbon 
showed  about  seven  (7)  times  as  many  grains  per  unit  volume 
when  quenched  from  1300  degrees  Cent.  (2372  degrees  Fahr.) 
as  when  furnace  cooled  from  the  same  temperature.  This  reduc- 
tion in  grain  size  is  slight  and  the  change  in  properties  between 
quenched  and  furnace-cooled  Armco  iron  is  correspondingly  small. 
It  does  not  seem  possible  to  greatly  affect  the  grain  size  of  pure 
iron  by  rapid  cooling  through  the  A3  transformation  point.  Pure 
iron  has  been  referred  to,  therefore,  as  incapable  of  being  hardened 
by  quenching  from  above  the  so-called  upper  critical  temperature, 
which  is  the  A3  point.  It  is .  probable  that  the  lowering  of  the 
transformation  temperature  of  Gamma  iron  to  Alpha  iron  at  Ar., 
by  rapid  cooling  is  very  slight.  The  heat  evolved  and  the  relatively 
high  temperature  of  the  transformation,  coupled  with  the  low 
thermal  conductivity  of  iron,  seems  to  allow  pure  iron  during 
quenching  sufficient  time  in  which  to  form  relatively  large  grains 
of  Alpha  iron. 

Hardening  of  Iron-Nickel  Alloys  by  Quenching 

When  pure  nickel  is  added  to  pure  iron  the  A3  transformation 
of  the  alloy  is  progressively  lowered  from  about  900  degrees 
Cent.    (1652   degrees   Fahr.)    to    room   temperature   as    the    nickel 


3.     Grain     Size     Inheritance     in     Iron     and     Ciirbon     Steel.     Zay     Jeffries,     Tranxaclions 
A.  I.  M.  E.   1918,   Vol.   58,  page  609. 
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content  is  increased  from  zero  to  about  25  per  cent.  On  rapid 
cooling  from  a  high  temperature,  samples  containing  85  per  cent 
iron  and  15  per  cent  nickel  can  be  obtained  at  room  temperature 
in  the  Gamma  or  austenitic  condition.  If  cooling  takes  place  at 
such  a  rate  as  to  allow  the  Gamma-Alpha  change  to  occur,  the 
grain  size  of  the  transformed  alloy  becomes  smaller  as  the  tem- 
perature of  Arj  is  lowered,  because  the  low  temperature  of  trans- 
formation produces  undercooling  and  hence  favors  the  formation 
of  many  nuceli  and  defeats  grain  growth. 

There  is  very  little  information  regarding  the  mechanical 
properties  of  pure  iron-nickel  alloys  having  a  nickel  content  up 
to  25  per  cent.  Much  work,  however,  has  been  done  on  iron- 
nickel  alloys  containing  small  amounts  of  carbon.  An  iron- 
nickel  alloy  containing  7.54  per  cent  nickel,  0.09  per  cent  carbon, 
and  0.04  per  cent  manganese,  had  its  strength  doubled  by  quenching 
from  a  dull  red  heat.  ,A  steel  of  the  same  composition  but  without 
nickel  shows  very  little  change  in  physical  properties  after  such  a 
quenching.*  Edwards  concludes  from  a  general  review  of  the 
work  on  iron-nickel  alloys  that  the  presence  of  carbon  is  nor 
necessary  in  order  for  hardening  to  take  place  on  quenching. 

The  hardness  of  these  iron-nickel  alloys  in  the  fine-grained 
condition  is  partly  accounted  for  by  the  nickel  in  solid  solution  in 
the  iron,  but  is  due  chiefly  to  the  marked  refinement  of  grain. 
When  nickel  is  added  to  iron,  only  the  A3  transformation  is 
aft'ected  and  this  may  be  lowered  to  any  desired  temperature  be- 
low 900  degrees  Cent.  (1650  degrees  Fahr.)  and  with  sufficient 
nickel  the  transformation  does  not  take  place  at  all.  At  the  A3 
point  in  iron-nickel  alloys  there  is  only  the  Gamma  to  Alpha 
transformation  to  take  place  and  if  this  takes  place  at  a  suffi- 
ciently low  temperature  the  Alpha  modification  will  be  fine 
grained  and  consequently  relatively  hard  and  strong. 

The  Allotropic  Transformation  in  Iron-Carbon  Alloys 

Likewise,  when  carbon  is  added  to  iron,  the  A3  transforma- 
lion  is  lowered,  but  with  more  than  about  0.05  per  cent  carbon 
the  transformation  is  not  a  simple  one  as  in  the  case  of  iron- 
nickel   alloys   but   is   composite,   yielding  under   equilibrium    condi- 
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tions  two  products,  ferrite  and  ceinentite.  It  is  very  probable,  as 
has  been  pointed  out,  that  the  carbon  in  austenite  exists  in  atomic 
dispersion.  When  either  Gamma  or  Alpha  iron  becomes  super- 
saturated with  carbon  the  excess  precipitates  as  FcgC.  Gamma 
iron  is  much  more  capable  of  holding  carbon  in  solution  than  is 
Alplia  iron.  Line  GS  in  Fig.  1  shows  how  the  A3  transformation 
of  iron  is  lowered  with  increase  in  carbon  content.     Line  ES,  Fig.  1 
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Per  Cent  Carton 

Fig.    1 — Equilibiiuni   Diagram  of  Iion-Cementite   System. 

represents  the  temperature  solubility  relations  of  carbon  in 
(ianinia  iron.  The  intersection  of  these  two  lines,  S,  is  the  eu- 
tectoid  point  and  the  relation  between  eutectic  and  eutectoid  is 
well  known. 


Eutectic  Versus  Eutectoid 

Although  a  eutectic  and  eutectoid  are  similar  in  many  re- 
spects, there  are  some  important  ditiferences  between  the  eutectic 
transformation  and  the  eutectoid  transformation.  These  differ- 
ences are  so  far  reaching  in  their  effects  as  to  make  steel  susceptible 
to  marked  improvement  in  hardness  by  heat  treatment,  whereas 
no  changes  of  such  magnitude  can  be  brought  about  by  treatment 
of  eutectics.  In  a  liquid  binary  alloy  of  eutectic  composition  the 
atoms  of  both  constituents  are  present  in  a  thoroughly  dispersed 
state  and  the  like  atoms  must  get  together  during  solidification. 
The  molten  state  is  one  of  very  great  freedom  of  movement  of 
atoms   which   makes   it   relatively   easy   for   the   like   atoiiis  to   get 
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together.  Both  constituents  of  a  binary  eutectic  must  crystaUize 
from  a  noncrystalline  liquid  solution.  The  heat  of  crystallization 
is  relatively  high  and  solidification  cannot  take  jJace  without  a 
substantial  halt  due  to  the  evolved  heat  of  crystallization.  Such  a 
halt  favors  the  segregation  of  the  two  constituents.  Furthermore, 
the  temperature  of  formation  of  a  eutectic  is  high,  relatively,  being 
the  highest  temperature  or  nearly  so,  at  which  the  mixture  is 
capable  of  existing  in  the  solid  state.  These  conditions  favor 
rapid  separation  of  the  unlike  atoms  and  the  segregation  of  like 
atoms 

Allotropic  Change  Easier  Than  Carbide  Form.\tiox 

In  the  iron-cementite  eutectoid  the  ferrite  is  the  product  of 
transformation  of  atoms  of  iron  from  one  crystalline  form  to  an- 
other, a  weaker  change  than  that  of  liquid  to  crystal ;  the  change 
involves  less  energy  and  is  more  easily  retarded  by  rapid  cooling. 
The  eutectoid,  pearlite,  can  even  be  heated  somewhat  above  its 
equilibrium  transformation  point  without  changing  to  austenite,  a 
thing  never  observed  in  the  change  from  the  crystalline  to  the  liquid 
state.  The  other  product  of  the  eutectoid  transformation,  cemen- 
tite,  (FcgC),  cannot  form  without  diffusion  of  carbon  through 
solid  crystalline  metal.  The  change  of  Gamma  iron  to  Alpha  iron 
involves  only  minor  movements  of  the  iron  atoms.  Formation  of 
cementite  from  iron  atoms  and  carbon  atoms,  the  latter  being  as 
far  apart  as  they  can  get  in  the  Gamma  iron  space  lattice,  in- 
volves diffusion  of  the  carbon.  This  requires  much  more  time  than 
that  required  for  the  transformation  of  the  iron  from  one  space- 
lattice  to  another.  It  is  not  surprising  therefore,  that  the  allo- 
tropic transformation  from  Gamma  iron  to  Alpha  iron  can  be 
effected  without  allowing  any  substantial  amount  of  cementite  to 
form.  Furthermore,  it  is  not  surprising  that  rapid  cooling  of  high 
carbon  austenite  suppresses  the  allotropc  transformation  to  a 
temperature  of  300  degrees  Cent.  (572  degrees  Fahr.)  or  less. 

Martensite 

When  the  allotropic  transformation  of  the  iron  takes  place  on 
quenching  a  carbon  steel  without  the  simultaneous  formation  of 
the  carbide,  the  carbon  is  very  likely  temporarily  trapped  in  atomic 
dispersion    in    the    transformed    austenite.      The    product    of    this 
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quenching    in    which    the    carhide    fonnation    is    leni|)()rarily    sup- 
pressed is  the  constituent  of  steel  called  nuirfcnsitc. 

Martensite  has  a  variahlo  carbon  content,  being  the  same  as 
that  of  the  austenite  from  which  it  was  formed  at  the  moment  of 
the  allotropic  transformation.  Its  properties  vary  with  the  car- 
bon content  and  with  physical  differences  such  as  those  due  to 
different  quenching  temperatures  or  maximum  temperature  of 
treatment  before  quenching.  Carbon  steels  contain'iug  less 
than  about  0.15  per  cent  carbon  do  not  form  hard  martensite 
when  quenched  from  above  the  upper  critical  temperature.  Carbon 
steels  containing  about  0.2  per  cent  carbon  form  a  medium  hard, 
but  ductile  martensite  when  rapidly  quenched  from  above  the 
upper  critical  temperature.  The  hardness  increases  with  the  car- 
bon content  up  to  about  0.7  per  cent  carbon,  above  which  there 
is  little  change  in  hardness  up  to  about  1.5  per  cent  carbon. 
The  lower  the  carbon  content  the  more  drastic  must  be  the  quench 
in  order  to  produce  martensite.  For  example,  tlie  mildest  quench 
which  will  produce  100  per  cent  martensite  in  a  0.9  per  cent  car- 
bon steel,  will  produce  free  ferrite.  martensite  and  troostite  (or 
sorbite)  in  a  0.2  per  cent  carbon  steel,  and  martensite  and  troostite 
in  a  0.5  per  cent  carbon  steel. 

MiCROSTRUCTURE    OF    MaRTENSITE 

Martensite,  under  the  microscope,  appears  to  be  devoid  of  spe- 
cific structure  except  a  tendency  toward  the  so-called  "acicular" 
or  needle-like  markings,  having  the  same  angles  as  the  crystallo- 
graphic  planes  of  the  mother  austenite  grains.  The  larger  the 
austenite  grains  from  which  the  martensite  is  formed,  the  more 
pronounced  are  these  markings.  The  martensite  of  commerce  is 
usually  produced  by  quenching  fine-grained  austenite  and  con- 
sequently it  does  not  possess  the  marked  acicular  structure  usually 
considered  as  typical.  Fig.  2  is  a  bearing  steel  containing  high 
carbon,  and  some  chromium  and  quenched  from  1035  degrees 
Cent.  ( 1900  degrees  Fahr. )  Coarse-grained  austenite  exi.sted  prior 
to  quenching  and  the  markings  are  typical  of  acicular  martensite. 
The  conditions  in  this  case  were  such  that  some  austenite  was 
preserved  by  the  quench, 
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Retention  of  Austenite 

The  retention  of  austenite  at  ordinary  temperattire  is  favored 
by  the  presence  of  nickel,  as  mentioned  above,  by  chromium,  by 
manganese  and  by  high  carbon.  Austenite  is  not  nearly  as  hard 
as  martensite.  Transformation  of  austenite  to  martensite  is, 
therefore,    accompanied    by    an    increase    in    hardness.      Since    the 


Fig.   2 — Martensite  and  Austenite   in   Bearing  Steel.     X    100.     Fig.    3 — Lamellar   Pearl- 
ite.     X     1000     (II.    O.    Walp— S.    K.    F.     Research    Laboratory). 


face-centered  cubic  crystal  lattice  of  austenite  represents  closer 
packing  of  the  atoms  than  the  body-centered  lattice  of  Alpha  iron 
or  martensite,  the  transformation  of  austenite  to  martensite  is  ac- 
companied by  an  increase  in  volume.  Those  elements  which  when 
present  in  considerable  amounts  are  conducive  to  the  retention 
of  austenite  on  quenching,  are  when  present  in  small  amounts 
conducive  to  the  formation  of  martensite  on  quenching.  These 
elements  can  be  substituted  for  part  of  the  carbon  in  steel  but  no 
element  has  been  found  which  can  entirely  replace  carbon  in  iron- 
base  alloys.  The  alloy  steels  form  martensite  on  quenching  more 
readily  than  carbon  steels.  This  difference  is  very  apparent  in 
large  sections  of  steel  which  form  a  much  thicker  hard  layer  on 
on  the  surface  with  alloy  steel  than  with  carbon  steel. 
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I'kakliti:,  Soki'.itI':  and  TRtxisTiTi-; 

The  rale  i>f  cixtliiii,'  any  steel  from  the  critical  temperature  is 
a  most  important  factor  in  determining  its  structure  and  hence  its 
properties.  Let  us  consider  the  effect  of  various  rates  of  cooling 
a  0.9  per  cent  carbon  steel  from  the  austenitic  state.  There  is  only 
one  phase,  namely,  (iamma  iron  in  which  0.9  per  cent  carbon  is  dis- 
solved (austenite).  If  cooled  very  slowly  through  the  critical 
range  pearlite  is  formed  in  which  the  cementite  tends  toward 
globular  particles  large  enough  to  be  seen  under  the  microscope  at 
say  100  to  200  magnifications.  With  somewhat  more  rapid 
cooling  such  as  the  air  cooling  of  a  piece  of  steel  about  1  inch  on 
a  side,  the  well  known  lamellar  pearlite.  as  shown  in  Fig.  3,  is 
formed.  The  more  rapid  the  cooling  the  smaller  the  cementite 
particles  become  until  a  size  of  particle  is  reached  which  is  no 
longer  resolvable  under  the  highest  powered  microscope.  In  ac- 
cordance with  the  etching  characteristics  of  these  mixtures  of 
ferrite  and  fine  particles  of  cementite,  they  are  termed  sorbite  or 
troostite.  These  constituents  in  steel  are  not  very  well  defined, 
as  might  be  expected,  because  they  do  not  represent  phase  differ- 
ences, but  only  changes  in  grain  size  of  the  same  constituents. 

FORMATIOX     OF     MaRTENSITE 

The  temperature  of  transformation  of  the  austenite  becomes 
lower  the  more  rapid  the  cooling  rate.  As  the  transformation 
temperature  becomes  lower  the  ferrite  grains  become  smaller  and 
the  cementite  particles  become  smaller.  The  lowering  of  the  tem- 
perature of  the  transformation,  however,  is  not  continuous  as  the 
rapidity  of  the  cooling  increases.  When  the  cooling  rate  is  proper 
to  lower  the  transformation  temperature  to  about  600  degrees  Cent. 
(1112  degrees  Fahr.)  troostite,  consisting  of  fine-grained  ferrite 
and  small  particles  of  cementite.  forms.  When  the  cooling  rate 
is  sufficient  to  lower  the  transformation  temperature  substantially 
below  600  degrees  Cent,  there  seems  to  be  no  change  in  the 
austenite  until  a  temperature  in  the  neighborhood  of  v300  degrees 
Cent.  (572  degrees  Fahr.)  is  reached.  ;\t  this  temperature  or 
at  some  lower  temperature  the  allotropic  transformation  from 
Gamma  iron  to  Alpha  iron  takes  place  without  the  formation  of 
cementite.     The  freshly  formed  product  of  such  a  quench  is.  there- 


rn.iysACTioxs  of 
280  ./.l//{/?/r./.V   SOCJETV   FOR   STEEL    TREATIXG      September 

fore,  different  phasiaii\-  frcni  licostitc.  sorbite,  or  pearlite.  There 
seems  to  be  very  Httle  difference  in  the  quenchinj^  rate  required 
to  produce  martensite  and  troostite  as  evidenced  ()y  the  simultan- 
eous occurrence  of  these  two  constituents  in  many  quenched  steels. 
The  point  to  be  emphasized  in  this  connection  is  the  discontinuity 
in  the  lowering  of  the  transformation  temperature  of  austenite 
with  progressively  faster  cooling  rates.  If  the  austenite  can  be 
cooled  fast  enough  to  reach  a  temperature  below  about  600  degrees 
Cent.  (1112  degrees  Fahr. )  without  transformation,  there  seems 
to  be  a  considerable  temperature  range  within  which  it  is  more 
stable  than  above  about  600  degrees  Cent,  or  below^  about  300  de- 
grees  Cent. 


Formation   of   Cementite   from    Martensite 

As  mentioned  above,  no  substantial  diffusion  of  atoms  is 
necessary  in  the  transformation  of  face-centered  iron  to  the  body- 
centered  lattice.  Since  carbon  is  very  much  less  soluble  in  Alpha 
than  in  Gamma  iron,  there  is  a  strong  force  toward  precipitation  of 
carbide  as  soon  as  the  iron  transformation  has  taken  place.  In 
order  for  cementite  to  form,  however,  the  carbon  atoms  must  dif- 
fuse. Carbon  can  diffuse  slowly  at  room  temperature  in  the  iron 
lattice  and  does  so,  forming  cementite.  At  higher  temperatures 
the  reaction  takes  place  more  rapidly.  The  result  of  the  carbide 
precipitation  under  these  conditions  is  decidedly  different  from 
that  when  the  carbide  forms  at  or  abo\-e  about  600  degrees  Cent. 
The  cementite  forms  from  more  centers  at  the  lower  temperatures, 
and  at  some  stage  of  the  precipitation  the  particles  must  be  of 
critical   size  to  produce  maximum  hardness. 

Freshly  formed  martensite,  therefore,  is  composed  chiefly  of 
Alpha  iron  holding  carbon  atoms  in  atomic  dispersion.  Martensite 
which  has  stood  at  room  temperature  for  a  considerable  time,  or 
which  has  been  subjected  to  elevated  temperatures  below  those  at 
which  the  martensite  may  be  regarded  as  having  transformed  into 
troostite,  consists  of  ferrite  and  innumerable  small  particles  of 
cementite.  The  ferrite  may  or  may  not  contain  more  than  the 
equilibrium  quantity  of  carbon  in  atomic  dispersion,  or  true  solu- 
tion. 
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Grain  Size  of  Martensite 

Because  of  the  low  temperature  at  which  it  is  formed  and  the 
obstructing  effect  of  the  carljon  in  solution,  tlie  grain  size  of  the 
Alpha  iron  of  which  martensite  is  comjx)sed  is  very  small. 

Causes  of  Hardness  of  ^Iartensite 

After  considering  all  of  the  evidence  the  authors  have  con- 
cluded that  the  hardness  of  martensite  is  due  chiefly  to  the  fineness 
of  the  ferrite  grains.  The  presence  of  carbon  atomically  dispersed 
in  this  ferrite  to  form  a  forced  solid  solution  also  contributes  to 
the  hardness  of  the  product  but  is  a  small  factor  as  compared  with 
the  grain  size.  Crystalline  cementite  is  very  hard  and  strong  and 
meets  all  of  the  requirements  of  a  good  "key"  material.  The 
formation  of  particles  of  cementite  in  martensite  is.  therefore,  an 
additional  source  of  hardne  s.  At  some  stage  in  the  formation 
and  growth  of  the  cementite  particles  their  size  is  such  as  to  pro- 
duce maximum  hardening  eflfect.  It  is  not  probable  that  all  of 
the  cementite  particles  reach  critical  size  at  the  same  time. 

Growth   of   Cementite   Particles 

After  the  cementite  formation  has  progressed  nearly  to  com- 
pletion, the  larger  particles  grow  by  absorbing  carbon  in  solution 
in  the  ferrite.  The  ferrite  is  supersaturated  in  carbon  with  re- 
spect to  the  larger  particles  and  saturated  with  respect  to  smaller 
particles  of  cementite.  The  precipitation  of  the  carbide  on  the 
larger  particles  produces  a  condition  of  undersaturation  with  re- 
spect to  smaller  particles  which  then  are  dissolved.  The  carbon 
atoms  diflfuse  toward  regions  of  low  concentration  which  is  toward 
the  larger  particles.  Growth  of  cementite  particles  during  temper- 
ing is  thus  favored  by  a  long  time  and  high  temperature.  The 
successive  stages  of  troostite,  sorbite  and  granular  pearlite  repre- 
sent in  part  progressive  increase  in  size  and  decrease  in  number  of 
the  cementite  particles. 

Ferrite  Grain   Growth 

As  these  changes  in  the  carbide  are  progressing  there  must 
be  some  changes  in  the  ferrite.  In  the  case  of  a  steel  containing  1 
per  cent  carbon,  the  formation  of  cementite  requires  about  15  per 
cent  of  the  iron.     This  iron  must  be  su])plied   from  the   ferrite  or 
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from  any  amorphous  iron  which  may  be  present.  Such  a  cliange 
is  toward  a  more  perfect  equilibrium  in  the  ferrite  which  tends 
toward  softening.  It  seems  certain  that  the  growth  pi  the  ferrite 
into  larger  particles  at  temperatures  from  350  to  550  degrees  Cent. 
(662  to  1022  degrees  Fahr.)  is  an  importajit  factor  in  the  decrease 
of  hardness.  The  effect  of  changes  in  the  ferrite  caused  by  low 
tempering  (below  300  degrees  Cent.)  is  small,  but  even  this  be- 
comes appreciable  in  the  harder  martensites. 

Opposing  Nature  of  Ferrite  Grain  Growth  and  Cementite 

Precipitation 

The  first  stages  of  tempering  martensite,  therefore,  involve  two 
opposing  factors ;  the  changes  in  the  ferrite  tend  to  produce  soft- 
ening, while  the  first  precipitation  of  the  cementite  tends  to  harden. 
We  might  expect  an  increase  or  decrease  in  hardness  according  to 
the  rapidity  and  extent  of  these  opposing  changes.  It  does  not  ap- 
pear that  a  hard  steel  w'ill  ever  soften  at  ordinary  temperature. 
This  indicates  that  there  is  no  considerable  growth  of  ferrite  at 
room  temperature  even  after  many  years,  and  the  cementite  par- 
ticles do  not  reach  a  supercritical  size.  Long  exposure  at  about 
100  degrees  Cent,  seems  to  produce  slight  softening  in  very  hard 
martensite. 

Summary 

The  essential  points  in  connection  with  the  hardening  and 
hardness  of  steel  are  as  follows: 

1.  Steel  owes  its  hardness  fundamentally  to  the  absolute 
cohesion  of  the  iron  atoms. 

2.  Pure  iron  and  soft  steels  are  relatively  soft  and  weak, 
because  of  the  presence  of  crystallographic  planes  of  weakness  or 
potential  slip  planes  in  the  iron  or  ferrite  grains. 

3.  The  increased  hardness  and  strength  of  pearlite  as  com- 
pared to  pure  iron  are  due  largely  to  the  increased  resistance  to  slip 
in  the  ferrite  grains  offered  by  the  hard  intermetallic  compound, 
cementite. 

4.  The  increased  hardness  of  sorbite  and  troostite  as  com- 
])ared  to  pearlite  is  due  to  the  refinement  of  the  ferrite  grains  and 
the  greater  dispersion  of  the  cementite  particles. 
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5.  Hie  increased  hardness  of  niartensite,  as  compared  to 
troostite  and  sorbite  is  due  to  a  still  greater  refinement  of  the  fer- 
rite  grains  and  in  cases  of  maximum  hardness  to  the  critical  dis- 
persion of  the  cementite  particles.  Carbon  in  solution  or  in  atomic 
dispersion  in  the  ferrite  makes  the  ferrite  of  martensite  somewhat 
harder  than  the  ferrite  of  pure  iron. 

6.  The  more  rapid  the  coohng  of  austenite  the  lower  will  be 
the  temperature  of  its  transformation  into  ferrite  and  cementite. 
When  the  transformation  takes  place  at  or  above  a  temperature 
of  about  600  degrees  Cent.  (1112  degrees  Fahr.)  both  ferrite  and 
cementite  form,  yielding  pearlite,  sorbite  or  troostite.  If  the  aus- 
tenite is  preserved  at  a  temperature  less  than  about  600  degrees 
Cent,  it  seems  to  be  relatively  stable  until  a  temperature  of  about 
300  degrees  Cent,  is  reached  on  cooling. 

7.  When  the  austenite  transformation  is  suppressed  to  about 
300  degrees  Cent,  or  lower,  the  allotropic  transformation  of  the  iron 
takes  place  independently  of  the  carbide  formation.  Freshly  formed 
martensite,  therefore,  consists  essentially  of  Alpha  iron  in  which 
the  carbon  is  substantially  atomically  dispersed.  Freshly  formed 
martensite  is  apparently  not  quite  as  hard  as  martensite  which  has 
stood  at  room  temperature  for  several  days  or  has  been  given  a 
mild  tempering  treatment. 

8.  Carbon  is  very  much  less  soluble  in  Alpha  iron  than  in 
Gamma  iron.  The  Alpha  iron  of  freshly  formed  martensite  contains 
the  carbon  atoms  in  atomic  dispersion.  The  Alpha  iron  of  fresh- 
ly formed  martensite  is,  therefore,  supersaturated  with  respect  to 
carbon.  Equilibrium  is  brought  about  only  by  the  precipitation  of 
the  carbon  in  the  form  of  cementite. 

9.  Carbon  diffuses  slowly  in  Alpha  iron  at  room  temperature 
and  diffuses  more  rapidly  as  the  temperature  is  increased.  The 
carbide,  therefore,  precipitates  slowly  at  room  temperature  and  more 
rapidly  with  rising  temperature. 

10.  It  is  postulated  that  freshly  formed  martensite  is  hard 
chiefly  because  of  the  fineness  of  the  ferrite  grains  but  partially 
because  the  ferrite  containing  carbon  is  harder  than  pure   ferrite. 

11.  It  is  postulated  that  the  increase  in  hardness  of  freshly 
quenched  martensite  on  standing  at  room  temperature  or  after  mild 
tempering  is  due  to  the  precipitation  of  cementite,  the  hard  ce- 
mentite particles  "keying"  the  slip  planes  of  ferrite  grains. 
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12.  Heating  tends  to  soften  the  martensite  because  it  tends  to 
produce  growth  of  the  ferrite  grains. 

13.  Heating  produces  changes  in  the  carbide  which  tend  to 
harden  the  steel  until  critical  dispersion  of  the  carbide  particles 
obtains,  and  further  heating  tends  to  soften. 

14.  Growth  of  the  carbide  particles  is  considered  to  take 
place  as  the  result  of  a  slight  solubility  of  carbon  in  Alpha  iron, 
which  is  greater  the  smaller  the  size  of  the  cementite  particles 
with  which  the  solution  is  in  contact.  There  is  a  tendency  for  the 
carbon  concentration  in  the  ferrite  to  be  equalized  by  diffusion. 
W'kh  equal  carbon  concentration  in  the  ferrite,  carbon  will  pre- 
cipitate on  the  large  particles  causing  a  flow  of  carbon  atoms  to- 
ward the  large  particles,  thus  making  the  Alpha  iron  undersaturated 
with  respect  to  small  particles  of  carbide.  The  small  particles 
are  then  dissolved  with  the  result  that  the  change  is  toward  fewer 
and  larger  particles  of  carbide. 

15.  The  mechanism  of  particle  growth  is  such  that  the  matrix, 
Alpha  iron,  should  approximately  reach  its  equilibrium  content  of 
carbon  before  the  laws  of  particle  growth  would  begin  to  apply. 
This  suggests  the  nearly  complete  precipitation  of  the  carbide  at 
an  early  stage  of  tempering 

16.  Sometimes  the  composition  of  the  steel  is  such  that  rapid 
quenching  preserves  austenite  at  room  temperature,  whereas  moder- 
ate rates  of  cooling  do  not  preserve  austenite.  The  transformation 
of  such  austenite  to  martensite  or  to  another  product  of  transfor- 
mation on  ageing  or  tempering  results  in  an  increase  in  hardness. 
An  increase  in  the  hardness  of  a  steel  due  to  this  cause  is  accom- 
panied by  an  increase  in  volume. 


The  conception  of  the  hardening  of  steel  presented  above  will 
be  more  fully  discussed  in  the  following,  and  further  evidence 
will  be  given  supporting  certain  of  the  conclusions  reached. 

High  Absolute  Cohesion  of  Iron  Atoms 

That  there  is  high  cohesion  between  iron  atoms  is  apparent 
from  the  hardness  and  strength  of  cold- worked  iron,  and  from 
the  energy  required  to  separate  iron  atoms   from  one  another  by 
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evaporation.  Iron  cannot,  liovvevcr,  by  cold  workinj^  Ijc  made  to 
develop  the  maximum  hardness  or  strength  which  it  inherently 
possesses.  The  extreme  condition  of  cold  working  occurs  in  fine 
wire  drawing.  Iron  drawn  to  the  finest  sizes  shows  a  strength 
of  about  four  times  that  of  annealed  iron.  The  fracture  always 
shows  marked  reduction  of  area.  This  indicates  movements  of 
considerable  extent  on  slip  planes  during  fracture,  and  when  .such 
slip  occurs  the  absolute  cohesion  of  the  atoms  is  not  developed. 

In  carbon  steels  heat  treatment  is  more  effective  than  cold 
work  in  developing  slip  interference.  A  steel  containing  some 
what  over  0.4  per  cent  carbon  can  be  hardened  and  strengthened 
to  a  marked  degree  by  quenching.  Such  a  steel  has  one  carbon 
atom  to  50  iron  atoms.  All  of  the  structural  evidence  indicates 
that  in  such  a  quenched  steel  the  iron  atoms  are  continuous  and 
the  carbon  atoms  are  discontinuous.  If  the  iron  atoms  are  con- 
tinuous, as  seems  practically  certain,  then  short  paths  of  rupture 
are  numerous  in  all  directions,  which  would  involve  only  the  separa- 
tion of  iron  atoms.  If,  therefore,  the  absolute  cohesion  of  the 
iron  were  not  high  it  would  not  be  possible  to  make  steel  so  hard 
and  strong.  Alloying  and  heat  treatment  combine  to  make  steel  hard 
chiefly  by  making  more  efifective  the  cohesion  bonds  between  the 
iron  atoms.  Pure  iron  is  soft  because  of  the  ease  of  slip  on 
slip  planes,  and  the  hardening  is  due  to  interference  with  slip.  We 
have  now  to  consider  the  specific  ways  in  which  slip  is  interfered 
with. 


Hardness  of  Granular  Pearlite,  Sorbite,  and  Troostite 

These  constituents  repre.sent  different  degrees  of  refinement 
of  the  ferrite  grains  and  cementite  particles,  which  are  coarsest 
in  pearlite  and  finest  in  troostite.  Pearlite  may  be  more  than 
twice  as  hard  as  pure  iron  and  troostite  may  be  three  times  as 
hard  as  pearlite.  The  slip  interference  in  these  constituents  is 
due  mostly  to  the  keying  action  of  the  cementite  and  to  the  re- 
finement of   the   ferrite  grains. 

There  is  good  agreement  as  to  the  nature  of  pearlite,  sorbite 
and  troostite. 
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The   Nature  of   Martensite 

Although  definite  ideas  have  been  given  regarding  the  nature 
of  martensite,  there  has  been  much  contention  for  35  years  on 
this  point.  It  is  considered  desirable,  therefore,  to  carefully  re- 
view the  evidence  for  the  views  given  earlier  in  this  paper. 

The  reasons  for  believing  that  the  carbon  atoms  are  in  atomic 
dispersion  in  austenite  have  been  given.  According  to  this  view 
the  only  existence  of  the  compound  cementite  is  as  a  crystalline 
substance.  Crystalline  FcgC  is  formed  directly  from  iron  and 
carbon  atoms  and  not  from  molecules  of  FcaC.  It  is  considered 
by  the  authors  that  there  is  no  molecule  containing  only  three  atoms 
of  iron  and  one  of  carbon.  If  the  carbon  is  in  atomic  dispersion 
in  austenite,  then  it  will  remain  in  atomic  dispersion  in  trans- 
formed   austenite    (martensite)    until    cementite    forms. 

There  is  considerable  evidence  that  in  the  transformation  of 
austenite  into  martensite  the  allotropic  transformation  of  the  iron 
takes  place  and  that  it  takes  place  before  and  independently  r 
the  cementite  formation.  This  evidence  is  of  a  varied  nature  in- 
volving volume  changes,  changes  in  magnetic  properties,  thermal 
changes,  etching  characteristics,  and  X-ray  crystal  analysis. 

Volume  Changes 

It  is  Well  known  that  the  transformation  of  Gamma  to  Alpha 
iron  takes  place  with  increase  in  volume.  Andrew,  Rippon,  Miller 
and  Wragg^  have  shown  that  the  formation  of  cementite  from  aus- 
tenite causes  a  contraction.  When  the  steel  contains  about  1.0  per 
cent  carbon  this  contraction  is  sufficient  to  counteract  the  expansion 
due  to  the  allotropic  transformation  of  the  iron;  a  1.0  per  cent  car- 
bon steel  slowly  cooled  from  the  austenitic  condition  will,  therefore, 
undergo  no  appreciable  volume  change  other  than  that  due  to  its 
normal  temperature  coefficient.  When  such  a  steel  is  quenched  so 
as  to  form  martensite,  however,  there  is  an  increase  in  volume  com- 
parable to  that  accompanying  the  allotropic  change.  The  expan- 
sion has  been  shown  by  Chapin*"  to  take  place  at  a  low  tempera- 
ture, below  300  degrees  Cent,  and  to  occur  simultaneously  with  the 


5.  The  Effect   of   Initial   Temperature   upon   the   Physical  Properties   of   Steel,    Journal, 
Iron  and  Steel  Institute,   1920.  No.    1,   p.   527. 

6.  Transactions  of  American  Society  for  Steel  Treating,  March,  1922,  pp.   607-14. 
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reHpjx'araiHc  I'l    maitj^iietism   anil    tin-   df vi'I<i|itiu'iil    nt    niarknl    hard 
ness. 

F'rush'  IOiiikI  thai  trohh  inienched  stt^rl  cinitratts  in  \(»!\imc 
sk)\vly  at  (ircHtian  tt'inperalures.  It  is  well  known  that  teniperin.; 
causes  a  decrease  in  volume.  Standing  at  rooni  temperature  seems, 
therefore,  to  produce  changes  corresponding  to  mild  tempering. 

When  austenite  is  preserved  at  ordinary  temperatures  and  is 
caused  to  change  to  martensite.  there  is  a  volume  increase  com- 
parable to  that  due  to  the  allotropic  change. 

Maoxetic   Properties 

It  is  well  known  that  austenite  is  nonmagnetic  unless  the  j^ro- 
portion  of  nickel  or  colbalt  is  sul)stantial.  These  elements  arc 
magnetic  when  crystallized  with  face-centered  cubic  lattices,  and 
can  hold  considerable  iron  without  losing  their  magnetic  properties 
The  transformation  of  nonmagnetic  austenite  into  martensite  is 
accompanied  by  a  sharp  increase  in  magnetic  susceptibility.  Mar- 
tensite is  always  quite  magnetic,  its  susceptibility  approaching  that 
of  Alpha  iron. 

Honda*  has  observed  a  magnetic  transformation  point  in  ce- 
mentite  at  about  215  degrees  Cent.  (420  degrees  Fahr. )  which  he 
called  Ao,  Magnetic  analysis  is  capable  of  detecting  cementite  in 
steel  containing  as  little  as  0.1  per  cent  carbon.  Freshly  quenched 
eutectoid  martensite  shows  only  a  suggestion  of  the  Ao  point  on 
heating,  but  once  the  steel  has  been  heated  to  300  degrees  Cent, 
or  above  for  a  short  time,  the  point  is  pronounced,  indicating  the 
presence  of  crystalline  cementite.  The  effect  of  particle  size  on  the 
magnetic  properties  of  cementite  is  not  known,  so  from  the  mag- 
netic evidence  alone  it  is  not  safe  to  draw  detinite  conclusions  as  to 
its  absence. 

Thermal   Changes 

Portevin  and  (iarvin"  have  studied  the  (|uenching  of  steel  by 
means  of  cooling  cun-es.  They  report  that  martensite  forms  at 
or  below  about  300  degrees  Cent,  on  quenching.   When  the  trans- 


7.  Thermal   Relations   in    tlio   Treatment    of   Steel,    Tranxiutionx    \.    I.    M.    K.    ryiometry 
Volume  1920,  p.    590. 

8.  On    Ma^etic    Analysis   as   a    Means   of   Studying   the   Structure   of   Steel.     Journal   of 
Iron   and    Steel   Institute,   Vol.    98.   No.    •?.,    )918,   i).37.'i. 

9.  Journal  of  Iron  and  Steel  Institute,   No.    1.   1919,  \>.   4(19. 
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formation  lakes  ])la.ce  at  these  low  tcni|>eratures  not  all  of  the 
heat  of  the  Av3-2-l  transformation  is  evolved.  This  point  has  been 
studied  quantitatively  by  Honda'"  and  Yamada"  «vho  find  that  a 
considerable  portion  of  the  heat  is  quickly  evolved  on  reheating  the 
quenched  steel  to  a  temperature  slightly  below  400  degrees  Cent. 
(752  degrees  Fahr.)  The  amount  of  heat  evolved  on  reheating 
was  found  to  be  proportional  to  the  carbon  content  of  the  steel. 
In  certain  steels  it  was  equivalent  to  about  one-third  of  the  heat 
evolved  at  A3-2-1  on  slow  cooling. 

It  has  long  been  known   that  heat  was  evolved  on   tempering 
martensite.     C.  F.  Brush,  however,  observed  the  same  phenomenon 
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Fig.     4a — Cui-\-e    Showing     Spontaneous     Generation     of     Heat     in     Recently     Hardened 
Steel  (Brush). 

at  ordinary  temperature.  He  constructed  a  very  sensitive  calori- 
meter into  which  he  put  quenched  steel  within  an  hour  after  quench- 
ing. The  evolution  of  heat  from  the  steel  was  sufBcient  to  in- 
crease its  temperature  more  than  2  degrees  Cent.  The  heat  evolu- 
tion seemed  to  be  most  rapid  at  first  and  to  gradually  lessen.  The 
evolution  of  heat  was  sufficient  to  be  detected,  however,  after  35 
days.  Brush's  graphs  showing  the  spontaneous  generation  of  heat 
and  spontaneous  contraction  of  recently  hardened  steel  are  shown 
in  Fig.  4a  and  4b.  The  contraction  and  the  heat  evolution,  at  room 
temperature  and  on  tempering,  are  attributed  by  the  present  authors 
to  the  formation  of  cementite. 


10.  Chemical  and  Metallurgical  Engineering,   Nov.   30,   1921,   \>\i.    1001-3. 

11.  Science  Reports  of  the  Tohoku  Inijierial   University,   \o\.    10,   p.    453. 
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Etching  Characteristics 

There  is  a  marked  difference  between  the  etching  character- 
istics of  martensite  and  troostite  and  between  martensite  and  aus- 
tenite.  Martensite  is  more  resistant  to  acid  attack  than  troostite 
but  less  resistant  than  austenite.  From  experience  with  various 
alloys  it  seems  that  tiie  following  generality  can  be  made.  When  a 
second  phase  crystallizes  from  a  solid  solution  the  corrosive  at- 
tack becomes  only  slightly  more  pronounced  if  the  particle  size 
of  the  new  phase  is  very  small,  say  smaller  than  critical  size  for 
maximum  hardness.  When  the  particle  size  becomes  supercritical 
the  corrosive  attack  becomes  more  rapid. 

The  behavior  of  martensite  is  in  keeping  with  these  views. 
The    cementite    in    untempered    or    mildly    tempered    martensite    is 

Linear   Shrinkage   x    100 

^■■■■■^^^^^^^^^■■■BiH^i^HI^^H^H  Length    of    Rod    After    Hardening 

^^■■■■■■^^^^^^^■■■^^■■^^^^^^^^H  After  Spontaneous   Shrinking 

^^^^^^■■■^^^^■■^^^■^^■^■■■B  After   Tempering   to    Light    Straw 

^^^^^■■■^^^^i^i^H^^^^^^^HH  After    Tempering    to    Light    Blue 

^^^^■■■^^^^■■■^^^■■^■B  After     Annealing 

Per   Cent 

Length  of  rod  after  hardening 100.383 

After   spontaneous    shrinking 100.332 

After    tempering   to    light   straw 100.182 

After    tempering   to    light    blue 100.131 

After    annealing     100.000 

Fig.    4b — Shrinkage    of    Steel    Bar    Due     to    Heat     Treatment     (Brush) 

present  as  very  small  particles.  In'  troostite  the  cementite  particles 
are  supercritical  in  size  and  the  etching  or  corrosive  attack  is  more 
pronounced. 

X-RAv   Crystal  Analysis 

The  X-ray  gives  a  positive  answer  on  the  matter  of  allotropic 
changes  on  quenching.  When  austenite  is  preserved  at  ordinary 
temi)eratures  the  X-ray  shows  that  the  crystal  lattice  is  face-center- 
ed cubic  or  that  of  Gamma  iron.  When  martensite  is  formed  the 
crystal  lattice  is  body-centered  cubic  or  that  of  Alpha  iron.'-  Beta 
iron  has  the  .same  crystal  lattice  as  Alpha  iron.  Since  we  regard 
a  change  in  crystalline  structure  as  essential  in  a  true  allotropic 
change  we  .shall  treat  the  so-called  Beta  iron  as  Alpha.  There  is 
certainly  no  ju.stification   for  assuming  a   Beta  iron  of   such  hard- 

12.  Wcstgren — Roentgen  Spoctrographic  lnvestig:ition.s  of  Iron  ami  Steel.  Jouriwl  <>{ 
Iron  ami  Steel  lustitute,   1921,  Vol.    103,   p.   303. 

Bain — Studies  of  Crystal  Structure  with  X-Ra.v.s.  Chemical  aiul  M,t(illiiii/i,<il  i:i,,ii- 
neering.  Oct.    .'>,    1921,   p.    f>fi3. 

.Jeffries  .t  .Vrclicr — (  r>stalline  Strntturo  of  Mft;iN.  Chrmlrnl  nn-l  M,  lulliirtiirnl  Emiiio  ,r 
ing.   May   •»,    192I.    p.    771. 
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ness  that  its  supposed  retention  by  quenching  accounts  for  the 
hardness  of  martensite. 

When  austenite  is  preserved  at  ordinary  tem^ratures  and  is 
later  transformed  into  martensite.  the  change  in  crystal  lattice  oc- 
curs simultaneously  with  increase  in  hardness,  volume,  and  magnet- 
ic susceptibility.  The  X-ray  thus  has  given  a  definite  and  final  an- 
swer as  to  the  nature  of  the  iron  in  martensite.  It  is  the  ordinary 
Alpha  iron,  usually  regarded  as  soft  and  weak. 

The  X-ray  so  far  has  not  given  any  evidence  as  to  the  exist- 
ence or  nonexistence  of  cementite  in  freshly  formed  martensite. 
The  authors  believe,  however,  that  the  evidence  given  above  is 
quite  conclusive  on  this  point. 

It  should  be  mentioned  that  martensite  can  be  formed  by 
rapidly  cooling  a  steel  from  above  the  critical  temperature  to 
about  200  degrees  Cent.  Chapin  formed  martensite  in  this  man- 
ner. Obviously  cementite  will  form  more  rapidly  at  200  degrees 
Cent,  than  at  room  temperature.  W'ithin  a  few  minutes  after  the 
"martensite  is  formed  there  should  be  as  much  cementite  formed 
as  after  several  weeks  at  room  temperature.  That  this  is  the 
case  is  indicated  by  the  fact  that  the  volume  increase  is  slightly 
smaller  when  martensite  is  formed  at  200  degrees  Cent,  than  when 
the  steel  is  cooled  quickly  to  room  temperature. 

Hardness  Changes  on  Tempering 

Too  little  is  known  regarding  the  exact  sequence  of  hardness 
changes  on  tempering  quenched  carbon  steels.  The  most  marked 
effect  is  one  of  softening,  and  the  opinion  is  fairly  general  that 
softening  is  progressive  throughout  the  whole  range  of  tempering 
teni])eratures.  It  is  certain  that  the  tempering  of  hardened  tool 
steel  at  temperatures  above  200  degrees  Cent,  reduces  its  cutting 
hardness  and  probably  also  its  Brinell  hardness.  The  Shore 
scleroscope  hardness  of  tool  steel  seems  to  be  less  affected  by 
tempering  at  low  temperatures.  It  is  likewise  quite  certain  that 
steels  of  medium  carbon  content  which  have  been  hardened  are 
softened  by  tempering  at  temperatures  above  350  degrees  Cent., 
as  proved  by  thousands  of  tests  on  hardness  and  tensile  strength. 
The  hardness  of  low-carbon  steels  is  known  to  be  not  greatly 
changed  by  tempering,  antl  llic  changes  brought  about  by  temper- 
ing above  .^00  degrees  Cent,  are  cerlainl\-  in  the  direction  of  soften- 
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ing.  Steels  of  the  various  carbon  contents  are  seldom  tempered 
commercially  at  temperatures  below  those  which  produce  easily 
measurable  softening.  There  is,  therefore,  a  lack  of  results  of 
commercial  practice  in  the  tempering  of  hardened  steels  at  very 
low  temperatures. 

It  is  stated  by   Heyn  and  again  by   Boynton  that   tempering, 
even   in   its  early  stages,  gradually   reduces  the  hardness   of   mar- 
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tensite.  Heyn's  conclusions  are  drawn  from  scratch  hardness 
tests  on  high-carbon  steel. 

Among  the  few  published  contributions  on  this  subject  is  a 
paper  by  C.  Grard  in  which  it  is  reported  that  the  first  eflfect  of 
tempering  is  to  increase  the  hardness.  His  results  are  plotted  in 
Fig.  5.  They  are  described  as  typical  of  the  steels  of  the  classes 
named.     No  analyses  are  given. 

While  Grard's  curves  are  oppo.sed  to  general  opinion,  it  is 
believed  that  they  merit  serious  consideration  as  representing  per- 
haps an  overlooked  phenomenon  in  the  tempering  of  steel.  He 
appears   to   have  made   a   particular   point   of   the   accuracy   of   his 
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hardness  determinations.  These  were  also  confirmed,  in  the  case 
of  the  soft  and  semihard  steels,  by  tensile  strength  results  which 
parallel  the  hardness  results  closely ;  hard  steels  Were  too  brittle 
for  satisfactory  tensile  tests  after  low  tempering  temperatures.  It 
is  to  be  noted  that  the  maximum  hardness  attained  on  tempering 
occurs  at  a  lower  temperature  the  higher  the  initial  hardness. 
Marked  softening  also  begins  at  lower  temperatures  the  higher  the 
initial  hardness. 

Honda  and  Idei''  have  made  extensive  studies  of  the  hardness 
of  recently  quenched  carbon  steels.  Their  general  conclusions 
with  reference  to  the  distribution  of  hardness  with  various  rates 
of  cooling  are  given  in  their  own  words  as  follows : 

"In  small  pieces  of  steel,  such  as  a  square  or  a  short  cylinder, 
the  periphery  is  harder  than  the  central  portion  only  when  the 
quenching  is  very  soft.  In  a  moderate  quenching  the  hardness  is 
everywhere  nearly  equal;  but  in  a  hard  (drastic)  quenching  the 
periphery  is  always  softer  than  the  interior.  This  anomalous 
phenomenon  is  explained  by  the  presence  of  the  arrested  austenite." 

These  authors  give  as  the  chief  evidence  of  the  retention  of 
austenite  in  the  hard  quenchings,  the  increase  in  hardness  of  hard 
quenched  steels  with  considerable  lapse  of  time  at  ordinary  tem- 
peratures and  more  quickly  at  100  degrees  Cent.  They  state : 
"According  to  the  above,  view,  in  a  hard  quenched  steel,  some  aus- 
tenite remains  untransf  ormed  at  room  temperature,  at  which  this  aus- 
tenite will  slowly  transform  into  martensite.  On  the  other  hand, 
at  room  temperature,  martensite  has  a  tendency  further  to  be 
transformed  into  troostite.  but  the  velocity  of  this  change  is 
much  smaller  than  that  of  the  austenite— ^martensite  change  just 
referred  to.  The  consequence  is  that  at  room  temperature  a  hard 
quenched  specimen  will  slowly  increase  in  hardness  with  lapse 
of  time.  To  test  this  inference,  the  hardness  of  a  quenched 
specimen  was  measured  from  time  to  time,  as  in  the  usual  way 
and  its  mean  value  plotted  against  the  time  passed  after  the 
quenching.  Fig.  6  is  a  graphical  representation  of  the  result  of 
our  experiments,  which  agree  completely  with  our  expectation. 
The  hardness  increases  at  first  rapidly  and  then  slowly,  tending 
to  an  asymptotic  value  as  the  time  elai)ses. 


13.      On   the   Distiitnitinn   of    H;iiiliics.s   in    IJucnclird   (\iil)On   Steels  and   (^ut-nc-Jiinj;   Cracks, 
Sririirr  /.V;»«/-/.v  of  tlio  Tolmku   Ini|icii:il    Iniviisity,    Vi.I.   !),   No.    fi,   1920. 
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"If  llie  (luenclicd  spcriiiicn  is  coiistanlly  healed  at  HJ()  «lc- 
grces  Cent,  instead  of  lettinj^^  it  reinaiii  at  idoin  temperature,  the 
above  eliange  from  austenite  will  be  nvucb  accelerated  ;  at  tbe  same 
time  the  change  from  martensite  to  troostite  will  also  be  acceler- 
ated. Hence  the  hardness  must  at  first  increase,  reach  a  maximum 
and  then  slowly  decrease.  As  shown  in  Fig.  7,  this  conclusion,  is 
actually  brought  out  by  experiments." 

Although    austenite    is    retained    at    ordinary    temperature    on 
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Fig.    6 — Effect   of  Room   Temperature    Aging   on    the 
Hardness    of  Quenched    Steel    (Honda  and    Idei) 


quenching  certain  steels  and  causes  an  increase  in  hardness  when 
and  if  it  transforms  to  martensite,  its  retention  in  ordinary  carbon 
steels  as  postulated  by  Honda  and  Idei  seems  highly  improbable. 
When  austenite  is  retained  in  any  substantial  amount  its  presence 
can  be  detected  by  X-ray  analysis.  The  X-ray  gives  no  indication 
of  the  retention  of  austenite  in  steels  similar  to  those  used  by 
Honda  and  Idei.  \\'hen  austenite  transforms  into  martensite  it 
does  so  with  increase  in  hardness  and  volume  and  with  evolution 
of  heat.  Brush  found  that  recently  quenched  carbon  steel  evolves 
heat  spontaneously  but  the  heat  evolution  is  accompanied  by  a 
decrease  in  volume.  Unless  Honda  and  Idei  can  show  an 
increase  in  volume  accompanying  the  increase  in  hardness,  it  is 
almost  certain  that  the  hardness  increase  is  due  to  some  change 
other  than  the  transformation  of  austenite  to  martensite. 
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The  explanation  put  forward  in  the  earlier  part  of  this  paper 
conforms  to  all  of  the  observed  facts.  The  spontaneous  hardening, 
evolution  of  heat  and  contraction  are  due  to  the  precipitation  of 
cementite.  \n  a  hard  quenching  the  outside  layers  of  the  steel  cool 
to   ordinary   temperature   so   rapidly   that   practically   no   cementite 


Fig. 
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-Effect    of    Tempering    at    100    Degrees    Cent,    on    the    Hardness    of 
Quenched    Steel    (Honda    and    Idei) 


has  formed.  Maximum  hardness  does  not  obtain  until  cementite 
particles  form.  The  formation  of  cementite  takes  place  slowly  at 
room  temperature  and  more  rapidly  as  the  temperature  is  increased. 
The  rate  of  cementite  formation  is  governed  largely  by  the  rate 
of  diffusion  of  carbon  in  the  Alpha  iron  lattice.  There  is  no  in- 
dication that  the  transformation  of  austenite  to  martensite  takes 
place  so  gradually.  This  transformation  is  usually  quite  sudden 
when  conditions  are  proper.  This  accords  nicely  with  the  curves  in 
Figs.  6  and  7. 
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With  a  medium  quench  the  steel  remains  a  sufficient  time  be- 
low about  3CX)  degrees  Cent,  and  above  room  temperature  to  cause 
precipitation  of  considerable  cementite.  If  the  quench  is  too  soft, 
troostite  may  form  or  cementite  particles  of  supercritical  size  may 
form  from  the  martensite. 

Frequently  large  pieces  of  quenched  steel  will  not  be  cracked 
immediately  after  quenching  but  will  crack  within  a  few  minutes, 
hours  or  days.  Such  cracking  would  not  be  expected  to  take 
place  if  the  views  of  Honda  and  Idei  are  correct.  They  would 
postulate  the  existence  of  martensite  and  troostite  in  the  interior 
and  martensite  containing  some  untransformed  austenite  in  the 
outer  layers.  The  slow  transformation  of  the  austenite  should 
produce  an  increase  in  volume  in  the  outer  layers  and  hence  re- 
duce the  tensile  stresses.  This  should  prevent  cracking.  On  the 
other  hand  if  cementite  precipitation  occurs  in  the  outer  layer, 
contraction  would  take  place  with  increase  in  the  tensile  stresses. 
This  would  promote  cracking.  It  is  thus  evident  that  the  results 
of  Honda  and  Idei  can  be  more  satisfactorily  explained  by  the 
spontaneous  precipitation  of  cementite  from  recently  formed  mar- 
tensite than  by  the  transformation  of  austenite  to  martensite. 

Evidence  That  Martensite  Is  Fine  Grained 

It  was  postulated  that  the  ferrite  of  martensite  is  fine  grained 
and  that  the  hardness  of  martensite  is  due,  in  large  measure,  to 
the  fine-grained  structure.  To  account  for  the  great  hardness  of 
martensite  on  this  basis,  it  must  be  considered  that  the  grain  size 
in  martensite  is  very  minute,  in  fact  submicroscopic.  There  is 
no  direct  quantitative  method  of  measuring  the  grain  size  in 
martensite,  but  there  is  indirect  evidence  which  shows  that  it  is 
veTy  small. 

It  should  perhaps  be  explained  what  is  meant  by  the  grain 
size  of  martensite.  Martensite  is  a  decomposition  product  of  aus- 
tenite. The  martensitic  structure  formed  by  quenching  austenite 
shows  many  traces  of  the  original  austenite  grain  size.  Frac- 
ture commonly  follows  the  grain  boundaries  of  the  parent  austen- 
ite. Certain  methods  of  etching  frequently  reveal  these  pseudo 
grain  boundaries  at  the  same  time  failing  to  reveal  any  clear 
structure  within  them.  It  may.  therefore,  appear  that  these  are 
the  true  grain  boundaries  in  the  martensitic  structures. 
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These  pseudo  grains  are  in  reality  made  up  of  a  large 
number  of  differently  oriented  grains  of  Alpha  iron.  It  is  these 
grains  whose  small  size  is  held  to  be  responsible  for  the  hardness 
of  martensite  and  it  is  this  grain  size  to  which  the  following  discus- 
sion refers. 

The  conditions  governing  grain  growth  in  metals  under  vari- 
ous circumstances  have  been  worked  out  and  it  can  be  said  with 
considerable  assurance  of  certainty  that  the  conditions  obtaining 
during  the  formation  of  martensite  are  such  that  the  grain  size  of 
the  Alpha  iron  in  martensite  must  be  very  small. 

\\  hile  it  is  impossible  to  observe  the  grains  in  martensite 
directly  with  the  miscroscope,  it  can  be  inferred  from  micro- 
scopic examination  of  other  structures  that  the  grains  in  martensite 
are  too  small  to  be  seen. 

The  X-ray  spectrometer  gives  evidence  of  a  direct  but 
qualitative  nature  that  the  grain  size  in  martensite  is  very  small. 

Nuclei    Formation    ix    Martensite 

The  temperature  at  which  martensite  is  formed  in  carbon 
steel  is  about  300  degrees  Cent,  or  lower.  This  is  at  least  400 
degrees  Cent,  lower  than  the  temperature  at  which  Alpha  iron 
forms  from  austenite  under  equilibrium  conditions.  Such  under- 
cooling is  known  in  many  instances  to  cause  the  formation  of  a 
very  large  number  of  nuclei  of  the  new  phase.  For  example,  if 
water  slightly  undercooled  below  the  normal  freezing  point  is 
agitated,  there  immediately  forms  a  slush  much  resembling  a  mix- 
ture of  fine  snow  and  water.  If  such  a  slush  is  frozen  it  is  found 
to  be  fine  grained  as  compared  to  ice  formed  by  normal  freezing. 
Similarly  if  ordinary  glass  which  is  amorphous  is  heated  so  as 
to  cause  devitrification  the  crystals  formed  are  smaller  and  more 
numerous  the  lower  the  temperature.  The  number  of-  Alplia  iron 
nuclei  which  form  in  austenite  must  be  greater  as  the  amount  of 
undercooling  increases. 

Grain  Growth 

It  is  well  known  that  the  rate  of  grain  growth  in  metals  in- 
creases with  temperature  and  that  normally  the  extent  to  which 
grain  growth  proceeds  also  increases  with  temperature.     In  many 
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metals  it  seems  that  there  is  a  fairly  definiie  e(|uilibriuin  f^rain  size 
which  is  more  or  less  stable  at  each  temperature  of  annealing. 
Severely  cold-worked  iron  shows  visible  recrystallization  on  heat- 
ing to  about  450  degrees  Cent.  There  seems  to  be  some  submicro- 
scopic  grain  growth  at  temperatures  below  300  degrees  Cent., 
but  it  takes  place  slowly  and  is  very  limited  in  e.xtent.  Martensite 
is  formed  at  a  temperature  of  300  degrees  Cent,  or  lower  where 
any  grain  growth  occurring  in  Alpha  iron  must  be  very  small, 
and  must  require  considerable  time. 

Obstructing  Effect  of  Carbon 

Grain  growth  in  metals  is  hindered  and  sometimes  entirely- 
prevented  mechanically  by  the  presence  of  obstructing  material.  A 
case  which  has  been  completely  worked  out  and  reported  is  that 
of  thoria  in  tungsten.  The  presence  of  carbon  in  austenite  at  the 
time  of  its  transformation  must  oppose  the  growth  of  the  ferrite 
grains  which  form.  Its  presence  would  impede  grain  growth  both 
during  and  after  the  transformation. 

It  may  be  considered  that  the  presence  in  austenite  of  car- 
bon atoms  in  substantially  uniform  distri])ution  divides  the  iron 
atoms  into  groups.  The  smaller  these  groups,  that  is,  the  greater 
the  carbon  content,  the  more  stable  is  the  Gamma  iron  lattice 
as  shown  by  the  lower  equilibrium  temperature  of  the  transforma- 
tion. When  the  carbon  content  exceeds  about  1.5  per  cent,  the 
stability  of  the  structure  is  .so  great  that  some  austenite  may  be 
preserved  at  room  temperature  by  rapid  quenching  from  above  the 
upper  critical  temperature.  It  would  seem  that  the  existence  of 
these  repeating"  groups  of  iron  atoms  would  be  conducive  to  the 
formation  of  many  Alpha  iron  nuclei. 

Evidence  of  the  Microscope 

Microscopic  examination  of  martensite  reveals  no  Alpha  iron 
unit  that  could  be  classed  as  a  grain,  yet  the  X-ray  spectrometer 
shows  beyond  a  doubt  that  martensite  is  chiefly  crystalline  Alpha 
iron.  This  suggests  that  the  crystalline  units  are  submicroscopic,  that 
is,  less  than  about  one  one-hundred-thousandth  of  an  inch  in  diaiu- 
eter. 
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W'hen  pure  Ganinia  iron  is  quenched  the  Alpha  iron  grains 
are  smaller  than  are  produced  by  slow  cooling.  As  carbon  is  added 
to  the  Gamma  iron  the  Alpha  iron  grains  not  only  become  smaller 
on  slow  cooling,  but  the  effect  of  cooling  rate  on  the  grain  size 
l)ecomes  much  more  marked  than  with  pure  Gamma  iron.  In  a 
hard  quenched  0.2  per  cent  carbon  steel,  the  ferrite  may  be  so 
fine  that  it  is  not  discernible  as  individual  grains,  under  the  mi- 
croscope. The  inference  is  that  a  greater  carbon  content  would 
cause  the  formation  of  still  smaller  ferrite  particles  with  hard 
quenching. 

We  .should  expect  all  of  the  refinement  of  grain  at  the  time 
(jf  the  transformation  of  Gamma  to  Alpha  iron.  After  the  Alpha 
iron'has  been  formed,  any  change  in  its  structure  should  be  toward 
greater  stability,  which  is  toward  larger  grains.  Tempering  mar- 
tensite  at  400  degrees  Cent,  to  form  troostite  could  not,  therefore, 
represent  a  change  toward  greater  refinement  of  grain  than  existed 
in  the  martensite ;  the  change  must  be  in  the  other  direction.  Yet  in 
troostite  so  formed  there  is  no  indication  of  the  presence  of  grains 
of  ferrite  large  enough  to  be  seen  with  the  highest  powered  micro- 
scope. Again  the  inference  is  irresistible  that  the  grains  of  Alpha 
iron  in   martensite  are   submicroscopic. 

Evidence  of  the  X-rav  Spectrometer 

In  order  to  obtain  a  good  Hull  pattern  with  the  X-ray  spectro- 
meter, it  is  necessary  that  the  specimen  be  fine  grained.  In  a 
0.35  per  cent  carbon  martensite,  formed  by  quenching  from  1300 
degrees  Cent.  (2372  degrees  Fahr. )  the  Alpha  iron  pattern  was 
typical  of  that  obtained  from  fine  grained  metals,  even  though  the 
austenite  grains  from  which  the  martensite  was  formed  were 
large  enough  to  be  seen  with  the  unaided  eye.  Not  only  were 
all  of  the  diffraction  lines  of  Alpha  iron  present  on  the  film  but 
these  lines  were  wider  than  are  obtained  with  ordinary  grain  size. 
The  width  of  the  lines  was  comparable  to  that  obtained  in  X-ray 
crystallograms  of  such  fine  particles  as  collodial  gold.  The  X-ray 
affords  a  method  of  measuring  grain  size,  in  a  qualitative  way,  and 
gives  positive  proof  that  the  grains  of  the  Alpha  iron  of  marten- 
site are  very  small.  Bain  estimates  that  the  average  diameter  of 
the  grains  in  martensite  is  about   100  to  200  atom  diameters    (ap- 
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proximately    .(XX)001— .UUU(J()2    im-li).       i'liis    liuurc    i>.    ot    com->c-. 
only  an  estimate,  hut  it  should  he  of  the  ri.£jht  order  of  magnitude. 

Shape  of  Gkains  in   M aktkxsitk 

It  is  not  to  he  understood  that  the  ferrite  grains  in  marten- 
site  are  necessarily  equiaxed.  The  conditions  obtaining  during 
their  formation  are  conducive  to  the  formation  of  very  small  plates 
of  ferrite  running  parallel  to  the  cleavage  planes  of  the  austenite. 
Whether  the  grains  are  substantially  equiaxed  or  in  plates,  their 
formation  along  the  austenite  cleavage  planes  gives  rise  to  the 
acicular  structure  of  martensite.  The  tendency  for  this  cleavage 
precipitation  is  so  marked  that  martensite  formed  hy  quenching 
large  grains  of  austenite  appears  under  low  magnification  to  have 
a  grain  structure  similar  to  that  of  the  austenite.  Detailed  ex- 
amination, however,  reveals  the  fact  that  the  austenite  grain  struc- 
ture is  entirely  replaced  by  a  structure  so  fine  that  it  is  often  im- 
possible to  find  a  single  crystalline  particle  large  enough  to  he  seen 
with  a  high-powered  microscope.  The  apparent  crystalline  masses 
observed  after  light  etching  are  seen  to  be.  after  dee]:)  etching, 
complexes  of  very  fine  structure. 

Hardening  Effect  of  Grain  Refinement 

The  hardening  effect  of  grain  refinement  is  shown  in  many 
metals  and  alloys  and  is  well  known.  The  most  complete  corre- 
lation of  grain  size  and  hardness  is  perhaps  the  work  of  Bassettand 
Davis^*  on  Alpha  brass.  This  alloy  consists  structurally  of  a 
single  homogenous  solid  solution,  and  is,  therefore,  comparable  to 
a  pure  metal.     Some  typical  values  obtained  in  one  .series  were : 


Average  Grain  Diameter 

in 

Inc: 

lies 

P>rinell  Hardness 

0.014 

41.7 

0.0046 

49.2 

0.0030 

?2A 

0.0014 

r.2.4 

0.00093 

77.4 

The    effect   of    moderate    changes    in    grain    size    on    hardness 
is   relatively   slight  and   it   may   therefore   seem    somewhat   strange 


14.      "A    Comparison    of    Oiiiiii    Si/.o    ^tciisuroiiu'iits    mid     Hi  iiiell     Ilanliioss    of    f';iitri<l«:e 
Hiass."     W.    TI.    Hassott   and    ('.    II.    Davis,    Tniiixnrliniis    A.    I.    \I.    I",..    Vol,    CD,   p.    4-2S. 
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to  ascribe  the  great  liardenini,'  ctTect  in  steel  to  grain  refinement. 
It  will  be  noted  from  the  above  table  that  the  grain  diameter  of 
the  second  specimen  is  more  than  50  per  cent  greater  than  the 
grain  diameter  of  the  third,  whereas  the  hardness  has  only  de- 
creased about  6  per  cent.  The  difference  in  grain  size  would  be 
quite  apparent  under  the  microscope  while  the  difference  in  hard- 
ness is  not  very  marked.  Nevertheless  the  total  variation  in  hard- 
ness brought  about  by  changes  in  grain  size  is  quite  considerable. 
The  smallest  grain  size  observed  in  brass  by  Bassett  and  Davis 
is  large  compared  to  the  grain  size  which  the  authors  believe  to 
exist  in  martensite. 

Role  of  Amorphous  Iron 

Martensite  is  essentially  crystalline.  This  is  evident  from  X- 
ray  and  other  information.  Any  amorphous  iron  present  would 
be  either  at  grain  boundaries  or  at  slip  planes.  The  amount  at 
slip  planes  would  be  slight  because  the  volume  change  when  mar- 
tensite forms  is  only  1.5  per  cent.  If  amorphous  iron  is  any  con- 
siderable factor  in  the  hardness  of  martensite,  it  must  be  the 
grain  boundary  amorphous  iron.  If  the  grain  boundary  amor- 
phous iron  is  much  of  a  factor,  the  grains  must  be  very  small 
so  that  the  grain  boundary   surface  will  be  large. 

Dissolved  Carbon  as  a  Cause  of  Hardening 

It  has  been  stated  by  Le  Chatelier  and  the  opinion  is'  held  by 
others,  that  martensite  owes  its  hardness  to  carbon  in  solid  solu- 
tion in  Alpha  iron.  The  evidence  given  above  is  quite  conclusive 
on  the  point  that  mildly  tempered  martensite  contains  very  little 
carbon  in  solid  solution,  the  bulk  of  it  being  precipitated  as  ce- 
mentite.  Such  martensite  is  hard  and  the  hardness  cannot  be  due 
to  carbon  in  solid  solution.  Great  hardening  can  be  produced  in 
a  steel  containing  two  atoms  per  cent  of  carbon.  No  case  is 
known  where  two  atoms  per  cent  of  one  element  dissolved  in  a 
large  grained  metal  produces  hardening  at  all  comparable  to  that 
in  the  case  of  martensite  containing  two  atoms  per  cent  of  carbon. 
In  austenitic  manganese  steel  there  may  be  as  much  as  seven  atoms 
per  cent  carbon  and  twelve  atoms  per  cent  manganese  dissolved 
in  Gamma  iron  without  producing  any  such  marked  hardening. 
The  structure  in  this  case  is  coarse  grained.     It  may  be  argued  that 
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two  atoms  per  cent  of  carbon  produce  over  six  per  cent  of  ce- 
mentite  and  that  it  is  this  compound  which  is  in  sohd  solution 
in  the  ferrite.  The  same  argument  (though  previously  shown  to 
be  highly  improbable)  applies  to  manganese  steel  which  would  have 
more  than  twenty  per  cent  cementite  in  solid  solution. 

It  is  probable  that  a  given  amount  of  carbon  in  atomic  dis- 
persion in  Alpha  iron  would  produce  a  greater  hardening  effect 
than  in  Gamma  iron.^^  In  order  to  completely  account  for  the 
hardness  of  martensite  in  this  manner,  however,  the  hardening 
effect  of  carbon  would  have  to  be  about  fifteen  times  as  great  in 
Alpha  as  its  maximum  possible  effect  in  Gamma  iron  as  shown 
for  example  in  austenitic  manganese  steel.  According  to  this 
view,  the  addition  of  minute  quantities  of  carbon  (less  than  is 
soluble  in  Alpha  iron  at  room  temperature)  to  jjure  iron  should 
produce  a  marked  increase  in  hardness,  which  is  not  in  accord 
with  the  facts. 

Although  some  of  the  hardness  of  freshly  formed  martensite 
can  be  attributed  to  the  atomic  dispersion  of  carbon  in  Alpha  iron, 
it  seems  to  the  authors  that  this  is  of  secondary  importance.  In 
other  words,  if  the  Alpha  iron  containing  the  atomically  dispersed 
carbon  were  coarse  grained,  it  is  the  authors'  belief  that  it  would 
be  relatively  soft.  On  the  other  hand,  if  the  grains  of  pure  Alpha 
iron  could  be  made  as  small  as  the  Alpha  iron  grains  of  high  car- 
bon martensite,  it  is  the  opinion  of  the  authors  that  relatively  great 
hardness  would  result.  Grain  refinement  is  thus  given  as  the 
most  important  cause  of  the  hardness  of  freshly  formed  mar- 
tensite, and  the  presence  of  carbon  as  a  secondary  cause. 

Some  Ciiar.\cteristics  of  Austexite 

A  general  effect  of  alloying  elements  such  as  nickel,  chromium 
and  manganese,  is  to  facilitate  the  formation  of  martensite  on 
quenching.  That  is,  the  cooling  velocity  required  for  the  forma- 
tion of  martensite  is  less  when  these  elements  are  present.  W  hereas 
a  piece  of  carbon  steel  one  inch  in  diameter  will,  when  quenched 
in  water,  form  an  outer  layer  of  martensite  about  Vs-'n^'li  thick 
and  a  martensite-troostite  interior,  a  piece  of  alloy  steel  tiie  same 
size   will    form   martensite   throughout    under    the    same   conditions. 
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Tlie  addition  of  these  alloying  elements  also  makes  it  easier 
to  retain  austenite  at  ordinary  temperatures  on  quenching.  The 
various  kinds  of  austenite  have  different  characteristics.  The  high 
carbon  (1.8)  low  manganese  (1.5)  austenite  can  be  transformed 
into  martensite  either  by  cooling  in  liquid  air  or  by  mild  heating. 
Most  of  the  varieties  of  room  temperature  austenite  containing 
high  carbon  and  a  relatively  small  amount  of  other  alloying  ele- 
ment can  be  transformed  to  martensite  by  either  cooling  in  liquid 
air  or  mild  heating. 

Hadfield's  manganese  steel  (manganese  about  12  per  cent) 
when  in  the  austenitic  state  is,  however,  very  reluctant  to  trans- 
form to  Alpha  iron.  The  austenite  is  so  stable  that  no  ordinary 
heat  treatment  will  cause  its  transformation.  Mechanical  work 
causes  a  partial  transformation  to  martensite  with  consequent  in- 
crease in  hardness.  The  transformation  from  Gamma  to  Alpha 
iron  proceeds  slowly  at  a  temperature  of  500  to  700  degrees  Cent. 
(932-1292  degrees  Fahr. )  The  austenite  of  manganese  steel  is 
greatly  supersaturated  with  carbon  at  room  temperature  or  at  any 
temperature  below  700  degrees  Cent.  It  appears  that  much  carbide 
precipitation  in  this  case  precedes  the  Gamma  to  Alpha  transfor- 
mation. The  precipitation  of  carbide  is  apparenth'  required  to 
make  the  austenite  less  stable. 

The  precipitation  of  carbide  from  the  austenitic  manganese 
steel,  without  a  simultaneous  ti"ansformatiou  of  Gamma  to  Alpha 
iron,  is  quite  analogous  to  the  precipitation  of  the  hard  internietallic 
compounds  in  duralumin.  It  has  been  stated  that  austenitic  man- 
ganese steel  heated  to  500  degrees  Cent.  (932  degrees  Fahr.) 
hardens  much  more  rapidly  than  it  increases  in  magnetism.  Most 
of  the  hardness  increase  occurs  before  the  specific  magnetism  has 
reached  two  per  cent  (Pure  iron  equals  100  per  cent)  and  before 
there  is  any  marked  change  in  the  vi.-^ible  structure. ^^' 

But  manganese  steel  cannot  be  made  very  hard.  The  tem- 
perature at  which  the  austenite  transforms  to  martensite  is  such 
that  grain  growth  of  the  ferrite  can  take  place  and  the  carbide 
particles    will   grow   beyond    the   size    for   maximum    hardness. 

Structl'ral  Constituents  in  Steel 
It   mav  be   of   interest   to    summarize    the   views   given   above 
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regarding  the  nature  (jf  the  various  constituents  occuring  in  steel. 

AUSTI-NITE 

A  soHd  solution  of  carbon  in  Gamma  iron.  The  iron  atoms 
have  the  face-centered  cubic  arrangement.  The  carbon  is  atom- 
ically  dispersed.  The  carbon  atoms  may  be  substituted  for  some 
of  the  iron  atoms  in  the  face-centered  cubic  lattice,  or  may  occupy 
positions  between  the  iron  atoms.  Austenite  is  relatively  soft  and 
ductile. 

Martensite 

Very  fine  grained  Alpha  iron  containing  carbon  which,  im- 
mediately after  the  formation  of  martensite.  is  atomically  dispersed 
but  not  in  true  or  stable  solid  solution.  The  iron  atoms  have  the 
body-centered  cubic  arrangement.  On  aging  at  room  temperature 
or  more  quickly  on  mild  tempering,  small  particles  of  crystalline 
cementite  form  by  the  gradual  diffusion  of  the  carbon  atoms  and 
their  association  with  iron  atoms.  The  hardness  of  martensite  in- 
creases with  its  carbon  content  and  becomes  very  great  at  0.70 
per  cent  or  more  of  carbon.  At  the  same  time  ductility  practically 
disappears.  Martensite  is  formed  from  austenite  on  cooling  at 
about  300  degrees  Cent.  It  is  not  a  stable  phase  at  any  temper- 
ature. 

Tkuustite 

An  emulsion  of  very  small  cementite  particles  in  hne-grained 
Alpha  iron.  Differs  from  martensite  uhich  has  been  aged  or 
slightly  tempered  only  in  the  larger  size  of  the  cementite  particles 
and  Alpha  iron  or  ferrite  grains.  The  size  oi  both  is  still  submi- 
croscopic.  Troostite  is  softer  and  more  ductile  than  martensite  of 
the  same  carbon  content. 

Troostite  is  formed  (a)  from  au>ieniic  al  abuui  600  tlegree^ 
Cent,  on  cooling  at  a  rate  too  slow  for  the  production  of  mar- 
tensite but  too  fast  for  the  production  of  sorbite,  or  (b) 
by  reheating  martensite  to  about  -KX)  degrees  Cent.  The  troostites 
formed  by  these  means  diff'er  both  in  appearance  and  in  properties. 
Troostite  is  characterized  b\   a  very  rai)id  etcing  rate. 
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Sorbite 

An  emulsion  of  cementite  particles  in  Alpha  iron.  The  size 
of  the  cementite  particles  and  of  the  Alpha  iron  grains  is  larger 
than  in  troostite,  the  cementite  particles  just  approaching  visi- 
bility under  the  microscope.  (Diameter  on  the  order  of  0.00001 
inch.)    Sorbite  is  softer  and  more  ductile  than  troostite. 

Sorbite  may  be  formed  on  cooling. austenite  at  a  rate  too  slow 
for  the  production  of  troostite,  or  on  reheating  martensite  or 
troostite  to  about  600  degrees  Cent.  There  is  again  a  difference 
in  appearance  and  i)roperties  according  to  the  manner  of  formation. 

Granular  Pearlite 

Alpha  iron  containing  rounded  cementite  particles  large  enough 
to  be  seen.  The  diameter  of  the  cementite  particles  is  ordinarily 
on  the  order  of  0.0001  inch.  The  grain  size  of  the  Alpha  iron 
is  larger  than  in  sorbite.     Softer  and  more  ductile  than  sorbite. 

Fundamental  Distinctions 

From  these  detinitions  it  will  be  seen  that  out  of  these  fi\e 
commonly  recognized  constituents  there  are  only  three  funda- 
mentally different  types  of   structure: 

1.  Solid    solution   of   carbon   in    Gamma    iron. 
Austenite. 

2.  Atomic  dispersion  of  carbon  in  Alpha  iron. 
Freshly  formed  martensite. 

3.  Dispersion  of  cementite  in  Alpha  iron. 

Aged    or    tempered    martensite,    troostite.    sorbite,    and 
pearlite. 
Further  distinctions  are  of  degree  and  not  of  kind. 
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PROTECTIVE     COATINGS     FOR     SELECTIVE     CAR- 
BURIZATION 

By  J.  S.  Vanick  and  H.  K.  Herschman 

Abstract 

In  a  search  for  an  effective  protection  of  steel  surfaces  . 
from  carburization.  coajinrjs  of  copper  plate  and  mineral 
base  pastes,  such  as  fireclay,  kaolin  and  enamel  mixtures 
zvere  experimented  zvith. 

Copper  plate  is  known  to  provide  a  very  effective 
protection  but  it  is  subject  to  defects  inherent  in  electro- 
deposits.  These  defects  are  most  readily  overcome  by 
increasing  the  thickness  of  the  coating.  The  thickness  of 
plate  necessary  to  protect  surfaces  against  carburization 
zvas  determined  for  comparatively  long  exposures.  The 
methods  used  were  somezvhat  more  thorough  than  those 
heretofore  reported  in  the  literature.  The  data  so  ob- 
tained are  shoivn  in  a  chart  and  expressed  by  empirical 
curves  for   coating   thickness  and  plating   time. 

Of  the  mineral  base  coatings,  a  thin  coat  of  the 
enamel  "ground  coat"  mixture  and  a  thick  coat  of  a 
fire-clay-sodium  silicate  paste  provided  moderately  satis- 
factory protection.  The  ease  zvith  zvhich  the  former  is 
applied  and  the  slightly  better  protection  zchich  it  offered, 
added  to  its  points  of  merit. 

Microscopic  ez'idence  of  nitrogen  contamination  and 
cementite  concentration  prompted  a  search  for  the  source 
of  the  former  and  led  to  a  discussion  of  the  causes  of 
the  latter.  An  infiltration  of  nitrogenous  gases  through 
the  protective  coatings  apparently  caused  the  contamina- 
tion by  nitrogen  although  the  decomposition  of  a  nitrate 
zvas  held  responsible  for  similar  effects  in  the  specimens 
coated  zvith   the  enamel  mixture. 

I.     Introduction 

IN  THE  carburizing  process,  it  is  often  desirable  to  retain  tlie 
softness,  ductility  or  machinability  of  the  original  steel  in  cer- 
tain areas  of  the  carburized  object.  Carburization  is  accom- 
plished by  the  penetration   into  the  surface  of   the  object  of   solid 
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carbon  or  ga>ec)us  c(>iii|)(>niul>  df  carliKii.  If  tlu'  Mirt'acfs  which 
are  to  be  protected  from  (.•arhurizatinii  be  insulate  1  by  a  coatinj:; 
impermeable  to  the  solid  element  or  j^'asenns  c()ni])OutKls  of  car- 
bon,  carburizatiou   cannot   occur. 

The  need  for  data  on  protective  coatings  to  be  used  in  carbur- 
izing  practice  as  applied  to  armor  plate  production  which  necessarily 
requires  long  periods  of  time  induced  the  initiation  of  this  investiga- 
tion. However,  in  order  that  the  scope  of  this  work  might  include 
such  information  as  may  be  applied  to  the  more  common  commercial 
practices  of  carburizing,  shorter  intervals  of  time  than  employed  in 
armor  plate  manufacture  were  also  introduced. 

Copper  plate  has  a  long  record  of  service  as  a  surface  cover- 
ing and  it  continues  to  be  widely  used.  The  process  of  copper 
plating  is  irksome,  time-consuming  and  expensive.  The  .surface 
which  is  to  be  plated  must  be  free  of  dirt  or  grease,  or  the  coat- 
ing will  lack  either  continuity  or  adherence.  These  disadvantages 
encourage  eflforts  to  develop  other  methods  of  i)rotecting  sur- 
faces. Among  the  many  ingenious  methods  which  have  l)een  devised 
to  accomplish  this  purpose,  metal  spraying  and  coating  with  mineral- 
base  pastes  seem  to  be  most  inviting. 

Portevin^  has  described  the  application  of  the  Schoop  process 
of  metal  spraying  to  the  formation  of  surface  insulating  coatings. 
A  slight  penetration  of  carburizing  gases  through  this  coatin.^ 
was  reported  but  the  diffusion  of  carbon  into  the  underlying  metal 
was  insufficiently  deep   to   be   considered   objectionable. 

\'arious  refractor}-  coatings  made  up  of  earthy  or  mineral 
ingredients  have  achieved  more  or  less  success.  The  mineral  in- 
gredients are  made  into  plastic  pastes  with  water  or  sodium  sili- 
cate as  binders.  Among  these  mixtures  may  be  mentioned  the 
alumina-sodium  silicate  and  the  asbestos  sodium  silicate  pastes  of 
Wood  and  McMullan ;-  copper-dust,  emery-powder,  sodium  sili- 
cate paste  of  Galibourg  and  Ballay"^  and  the  enamel  "ground  coat" 
mixture  subsequently  described  in  this  paper.  Mixtures  similar 
to  those  above  are  undoubtedly  being  used  at  present.  Although 
comparative  data  resulting  from  competitive  tests  are  not  avail- 
able a  degree  of  impermeability  which  would  be  satisfactory  for 
many  purposes  might  be  expected.     The  use  of   water  or  sodium 


(1)  Comptes    Rend,    Vol.    CIATII — 1914,    p.    102.i. 
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silicate  as  binders  ft)r  the  solid  particles  would  warrant  the  ]»re- 
diction  of  porosity.  The  volatilization  of  the  water  durinj^  heat- 
ing or  drying  would  create  ix)res  or  passages  for  the  evolved  gas 
that  would  later  be  equally  accessible  to  the  entering  gas.  Coat- 
ings of  the  refractory  type  are  nf)t  sufficiently  impermeable  for 
the  more  exacting  demands  that  are  frequently  met  in  practice. 
Copper  plate  then  becomes  necessary. 

II.     Coi'pi'er-Platk    Co.\ti.\(;s 

'Jhere  are  few  data  available  in  regard  to  what  should  con- 
stitute an  ample  thickness  of  copper  plate '^''""'^  particularly  when 
long  periods  of  carburization  are  necessary  to  produce  the  desired 
depth  of  case  in  the  unprotected  areas.  In  a  survey  of  the  liter- 
ature on  this  subject,  one  is  confronted  with  recommendations 
for  coatings  on  such  extreme  delicacy  as  those  obtained  by  mo- 
mentarily washing  or  dipping  the  surface  in  copper  solutions  to 
those  measuring  0.0005  to  0.001  inch  in  thickness  which  require 
a   prolonged   immersion   in   an   electrolytic   plating  bath. 

Although  the  copper  cyanide  bath  is  most  generally  used  for 
the  deposition  of  such  protective  coatings  as  referred  to,  there  are 
some  cases  in  which  a  copper  cyanide  flash  followed  by  a  deposit 
of  copper  from  a  copper  suli)hate  bath  have  been  recommended.  The 
information  available  on  the  types  of  plate  deposited  from  a  sul- 
phate bath  tend  to  indicate  that  they  are  less  impervious  than  those 
obtained  from  a  cyanide  solution,  and  that  therefore  a  greater 
thickness  is  required. 

At  carburizing  temperatures  with  the  assistance  of  impuri- 
ties at  the  copper-iron  junction,  copper  may  diiTu.se  into  the  steel 
and  very  thin  films  may  be  comi)letely  absorbed  or  |X)ssibly 
"coalesced"  into  a  thickened  network  liy  which  i)rocess  such  areas 
would  become  exposed. 

The  gaseous  compounds  of  carbon,  oxygen,  hydrogen  and 
nitrogen  which  constitute  the  carburizing  gas  are  doubtless  solu- 
ble  to   some   extent    in    hot   copper.     Hence   diffusion    of    the    car- 


(4)  See  I/,it)iiofi,  Tniiiitactions,  .American  Society  of  .Mechanical  Knifineers.  \ol.  24, 
ini2,     ]>.     971. 

(.'))  Zininieili,  K.  1'.,  Tmnxarlions.  .Xineiican  Society  of  Mechanical  Kngineeis,  \'ol.  42. 
1920,    p.    566. 

(6)  Tbain,  W.  A..  Transactions,  Faraday  Society,  Vol.  16,  p.  478.  1020-21. 

(7)  Macder,  R.  F,.,  American  Eloctroplaters  Society,  Vnl.  9,  \o.  11,  p.  5,  1022. 
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burizing  gases  through  the  electrudeposited  cupper  might  be  ex- 
pected. Pining(->  has  presented  data  showing  the  relatively  rapid 
rate  at  which  hot  reducing  gases  penetrate  commercial  copper.  An 
appreciable  retardation  of  the  diffusion  rate  through  the  electro- 
deposited  material  would  be  expected  on  account  of  the  absence  of 
oxide  films  and  globules  which  upon  reduction  create  intergran- 
ular  fissures  and  voids  in  ordinary  copper.  The  total  infiltration 
from  the  above  causes  would  be  relatively  small.  Most  of  the 
j)ermeability  of  the  thicker  coatings  would  be  traceable  to  defects 
inherent  in  electrodeposits.  Imperfections  in  the  copper  coating, 
such  as  pin  holes,  pores,  embedded  inclusions,  imperfect  adherence, 
etc..  are  common  defects.  These  imperfections  may  be  o\ercome  b}- 
applying  thicker  films  of  copper  plate,  which  will  insure  the  coated 
surface  against  carburization. 


Table 

I 

Thickness    of 

copper 

coatings 

— Estimated — 

— 

-Measured — 

mm. 

inches 

mm. 

inches 

0.00127 

.00005 

0.00119 

.000047 

0.00254 

.00010 

0.00213 

.000084 

0.0064 

.00025 

0.00674 

.000265 

0.0127 

.00050 

0.0129 

.000509 

0.0193 

.00075 

0  0182 

.000723 

0.0254 

.00100 

0.0275 

.001084 

0.0381 

.00150 

0.0318 

.001252 

0.0508 

.00200 

0.0541 

.002128 

0.0762 

.00300 

0.0766 

.003012 

M.\TERIALS    AND    METHODS    OF    PROCEDURE 

Specimens  approximately  5/8-inch  square  and  1  inch  long, 
were  machined  from  Armco  iron  slabs  and  the  surfaces  finished 
by  grinding.  Before  plating,  the  specimens  were  scrubbed  with 
powdered  pumice  stone  and  water,  then  immersed  as  cathodes  in  an 
electrolytic  cleaning  bath  consisting  of  a  solution  of  sodium  cyanide 
and  sodium  carbonate  through  which  a  sufficiently  high  current  was 
passed  to  produce  a  vigorous  evolution  of  hydrogen  on  the  cathodes. 
After  washing  with  distilled  water,  the  specimens  were  copper  plated 
at  a  current  density  of  about  0.5  amp/dm-  (4.7  amp/sq.  ft.) 
in  a  cyanide  bath*  which  was  maintained  at  50-60  degrees  Cent. 
Plating  was  continued  for  a  predetermined  interval  of  time  which 

(8)      Transactionx,    .\nierican    Institute    of    Mining    anfl    Metallurgical    Engineers,     1921, 
Vol.    LX,    p.    322. 

*Plating    solution     consisted     of     copper     cyanide,     22.5     gr.     Liter;     sodium     cyanide, 
30    gr.    Li»er ;    sodium    carbonate,    l.S    gr.     Liter. 
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had  been  estimated  to  produce  the  desired  thickness  of  coating, 
upon  the  arbitrary  assumption  tliat  the  cathode  efficiency  was  ■  65 
per  cent. 

The  estimates  of  coating  thickness  were  checked  by  measure- 
ments of  deposits  on  specimens  selected  for  this  purpose.  As  is 
quite  generally  known,  more  metal  is  deposited  on  the  edges,  cor- 
ners, or  sharp  angles  of  a  plated  object  than  on  smooth,  plane 
surfaces.  For  this  reason,  microscopic  measurements  of  coating 
thickness  were  made  at  the  center  of  each  rectangular  face  of 
the   specimen.     The    results   appear   in   Table    L 

The  resistance  of  the  various  thicknesses  of  copper  plate, 
to  penetration  by  carburizing  gases  was  determined  by  the  follow- 
ing experimental  procedure : 

A.  Groups  of  specimens  comprising  six  thicknesses 
of  coating  were  exiposed  for  different  intervals  of  time 
increasing  in  12-hour  steps,   from   12  to  72  hours. 

B.  Six  thicknesses  of  coating  equal  to  those  of  A, 
were  given  a  single  exposure  of  72  hours  in  six  different 
carburizers. 

C.  Thin  coatings  were  exposed  for  intervals  of 
time  within  the  II/2  to  48-hour  range  to  include  commer- 
cial practice  and  check  results  of  A. 

For  a  carburizing  compound  with  a  reproducible  composi- 
tion a  mixture  of  40  per  cent  charcoal,  40  per  cent  Ijarium  car- 
bonate and  20  per  cent  dry  bone  was  used.  For  the  72-hour 
exposure  in  different  carburizers,  the  compounds  used  were  the 
one  above,  a  modification  of  it  consi.sting  of  40  per  cent  char- 
coal, 20  per  cent  barium  carbonate  and  40  per  cent  dry  bone  and 
4  commercial  mixtures. 

Specimens  were  packed  in  small  carburizing  boxes  with  an 
inch  or  more  of  the  carburizing  compound  adjoining  the  speci- 
men surface.  The  boxes  were  sealed  with  a  fire-clay  mixture, 
charged  into  a  cold  furnace,  brought  up  to  the  carburizing  tem- 
perature of  925  per  cent  Cent.  (1700  degrees  Fahr. )  held  for 
their  respective  carburizing  periods  and  then  withdrawn  and  al- 
lowed  to   cool   in   air. 

Examination   and  Rksults 
A    visual    inspection    of    the    specimens    after    carburization, 
showed    that    in    general,    the    copper   adhered    quite    firmly.     The 
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thicker  coatings  as  one  would  expect,  were  better  able  to  main- 
tain their  adherence,  coherence,  continuity  and  initial  appearance. 
To  determine  the  permeability  of  the  various  thicknesses  of 
copper  plate  and  the  microscopic  condition  of  the  coating,  speci- 
mens were  plated  with  a  coat  of  nickel,  sectioned  longitudinally, 
polished    and    examined.     To    evaluate    the    merits    of    the    several 

Table  Il-a 
Resistance  of  increasing  thicknesses  of  copper  plate  to  penetration  by  carburizing  gas 

Carbon  Penetration 


Depth  of 

.\ppearance 

Total 

Max. 

penetration 

of  coating 

Spec. 

Coating 

thickness 

Exposure 

depth 

cone. 

to  0.20  C. 

after 

No. 

Inches 

mm. 

in  hours 

.-nm. 

%  c. 

mm. 

exposure 

1 

.00025 

.0064 

12 

.775 

.02 

Fair 

2 

.00025 

.0064 

24 

2.26 

.33 

■  .10 

Poor 

.00025 

.0064 

36 

1.87 

.40 

.78 

Poor 

4 

.00025 

.0064 

48 

3.58 

.77 

2.19 

Good 

5 

.00025 

.0064 

60 

4.90 

.87 

2.57 

Poor 

6 

.00025 

.0064 

72 

7.31 

.87 

4.43 

Poor 

12 

.00050 

.0127 

12 

0.0 

Fair 

13 

.00050 

.0127 

24 

.86 

'04 

Poor 

14 

.00050 

.0127 

36 

0.0 

Fair 

IS 

.00050 

.0127 

48 

2.10 

.\7 

Fair 

16 

.00050 

.0127 

60 

2.33 

.40 

^78 

Poor 

17 

.00050 

.0127 

72 

2.72 

.il 

1.47 

Poor 

2i 

.001 

0254 

12 

0.0 

Fair 

24 

.001 

.0254 

24 

0.0 

Fair 

25 

.001 

.0254 

36 

0.0 

Fair 

26 

.001 

.0254 

48  . 

1.94 

.10 

Poor 

27 

.001 

.0254 

60 

.94 

.05 

Poor 

28 

.001 

.0254 

72 

4.42 

.50 

Poor 

34 

.0015 

.0381 

12 

0.0 

Good 

35 

.0015 

.0381 

24 

0.0 

Fair. 

iS 

.0015 

.0381 

36 

0.0 

Good 

37 

.0015 

.0381 

48 

0.0 

Good 

38 

.0015 

.0381 

60 

0.0 

Good 

39 

.0015 

.0381 

.72 

2.33 

1.3 

Poor 

45 

.002 

.0508 

12 

0.0 

Good 

46 

.002 

.0508 

24 

0.0 

Fair 

47 

.002 

.0508 

36 

0.0 

Fair 

48 

.002 

.0508 

48 

0.0 

Poor 

49 

.002 

.0508 

60 

0.0 

Fair 

50 

.002 

.0508 

72 

0.0 

Good 

56 

.003 

.0762 

12 

0.0 

Good 

57 

.003 

.0762 

24 

0.0 

Good 

58 

.003 

.0762 

36 

0.0 

Poor 

59 

.003 

.0762 

48 

0.0 

Good 

60 

.003 

.0762 

60 

0.0 

Poor 

61 

.003 

.0762 

72 

0.0 

Good 

''Condition  of  coating: 

Good— unaltered  after  exposure. 

Fair— small  localized  fusions  of  Cu  and  Fe  or  small  blisters  on  surface. 

Poor — large  localized  fusions  of  Cu  and  Fe  or  numerous  blisters  on  surface. 


thicknesses  of  coating,  the  total  depth  to  which  the  carbon  had 
penetrated  was  measured,  the  concentration  of  carbon  at  the  sur- 
face was  estimated  and  the  depth  at  which  a  concentration  of 
0.20  per  cent  car*bon  appeared,  was  determined.  The  results 
are   listed  in    Tables   Ila.    lib   and   III. 

The   initially  low   concentration   of   carbon   in   Armco   iron   re- 
duces the  difficulty  of  measuring  the  depth  of  the  carburized  zone 
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and  estimating  the  carbon  concentratimi.  Ilaviiij,'  (letennincfi 
the  rate  of  migration  of  carbon  into  iron  under  identical  condi- 
tions, the  data  so  obtained  could  be  hnked  with  those  of  Tables 
II  and  III  for  the  purpose  of  interpreting  the  effectiveness  of  a 
coating.  A  close  relation  would  be  expected  between  the  total 
depth  of   the   penetration   of   carbcm   and   the   period   of   time   dnr- 


Table 

Il-b 

Resistance 

of  increasing  thicknesses  of  copper  pla 

ite  to  gases  produced  by 

various  carburizers 

Period  of  Test;  72  hours 

C. 

jrbon  Penetration 

Depth  of   .\\ 

ppearancc 

Total 

Max. 

penetration  n 

if  coating 

Spec. 

Coating  Th 

lickncss 

depth 

cone. 

to  0.20  C. 

after 

No. 

Inches 

mm.       C 

arbiirizer          mm. 

%  c. 

mm.          ( 

;.xposure 

Remarks 

6 

.00025 

.0064 

.\ 

7.31 

.87 

4.43 

Poor 

7 

.00025 

.0064 

B 

4.20 

.15 

Poor 

N 

8 

.00025 

.0064 

C 

4.36 

.50 

L79 

Poor 

n 

9 

.00025 

.  0064 

D 

3.11 

.08 

Poor 

N 

10 

.00025 

.0064 

E 

1.87 

.08 

Poor 

n 

11 

.00025 

.0064 

F 

4.98 

.25 

^78 

Poor 

N  fn)  V 

17- 

.00050 

.0127 

.\ 

2.72 

.37 

1.47 

Poor 

18 

.00050 

.0127 

B 

4.13 

.27 

1.02 

Poor 

N 

19 

.00050 

.0127 

C 

3.61 

.40 

1.2; 

Poor 

N 

20 

.00050 

.0127 

D 

2.33 

.25 

.62 

Fair 

n  (heavy)  v 

21 

.00050 

.0127 

I'. 

1.70 

.05 

Poor 

22 

.00050 

.0127 

F 

3.11 

.08 

Poor 

28 

.001 

.0254 

.\ 

4.42 

.50 

1.55 

Poor 

29 

.001 

.0254 

B 

4.65 

.18 

Poor 

N' 

30 

.001 

.0254 

C 

1.94 

.05 

Poor 

\ 

31 

.001 

.0254 

D 

2.32 

.10 

Fair 

32 

.001 

.0254 

K 

.00 

Poor 

33 

.001 

.0254 

F 

■.'72 

.03 

Fair 

39 

.0015 

.0381 

A 

2.33 

.13 

Poor 

40 

.0015 

.0381 

B 

1.55 

.02 

Fair 

41 

.0015 

.0381 

C 

2.25 

.08 

Poir 

42 

.0015 

.0381 

D 

1.47 

.02 

Fair 

43 

.0015 

.0381 

E 

.00 

Poor 

44 

.0015 

.0381 

F 

.00 

Fair 

SO 

.002 

.0508 

.V 

.00 

Good 

51 

.002 

.0508 

B 

'  ^09 

.20 

(jood 

52 

.002 

.0508 

C 

.00 

Poor 

Si 

.002 

.0508 

D 

.00 

Fair 

54 

.002 

.0508 

!■; 

.00 

Po<,r 

55 

.002 

.0508 

F 

.00 

l'o,,r 

61 

.003 

.0762 

.\ 

.  00 

Po,.r 

62 

.  003 

.  0762 

B 

.00 

(lOod 

63 

.003 

()762 

C 

.00 

Cood 

64 

.003 

.0762 

D 

.00 

Good 

65 

.003 

.0762 

E 

.00 

Good 

66 

.003 

.0762 

F 

.00 

Good 

N — heavy  penetration  of  large 

nitride 

needles,  as  i 

llustrated  in 

Fig.  7a  and  h 

n — penetration  of  small  nitride 

needles,  as  illustrated  in  Fig.  6f 

ing  which  carburizing  gases  were  in  contact  with  the  surface.  By 
this  method  an  estimate  of  the  time  of  failure  of  the  coating 
might  be  made.  Similarly,  the  concentration  of  carbon  at  the 
surface    would   afford    an    index    niucli    less    reliable,   however,    of 
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citlitT  the  relative  niai,Miitiulc  of  the  pcrft nations  or  the  chemical 
character   of   the   gas  which   they   admitted. 

For  example,  specimens  1  U)  6  of  iahle  11a.  show  an  ex- 
pected increase  in  depth  of  case,  indicating  a  failure  of  the  coat- 
ing in  less  than  24  hours.  Similarly  a  high  concentration  of  car- 
bon near  the  surface  would  indicate  a  comparatively  porous  and 
permeable  coating  and  suggest  a  hydrocarbon  rather  than  oxy- 
carbon  infiltration. (^) 

The  data  of  Tables  Il-a  and  III,  plotted  with  respect  to 
the  depth  to  which  carbon  had  penetrated  the  coated  specimens 
appear  in  Fig.  2.  For  carburizing  periods  of  less  than  36  hours, 
the  increment  of  coating  thickness  for  zero  penetration  decreases, 
then  sharply  increases  for  the  60  and  72-hour  periods.  It  is 
readily    apparent    that    the    plotted    points    do    not    closely    follow 


Table 

III 

Resistance  of  very 

thin  copper  coating  to  penetration 

Carbon  Penetration 

Depth  of 

Carburiz- 

Car- 

Thickness 

Total 

Per  Cent 

penetration 

Specimen 

ing  Period 

buri- 

Coppei 

■  Coating 

depth 

concen- 

to 0.20  C. 

No. 

in  hours 

zer 

Inches 

mm. 

mm. 

tration 

mm. 

Remarks 

100 

1'2 

A 

.00005 

.00127 

0.16 

0.98 

101 

3 

A 

.0001 

.00254 

0.02 

0.32 

102 

6 

A 

.0002 

.00508 

0.00 

103 

12 

A 

.00005 

.00127 

0.39 

0.87 

0^63 

104 

12 

A 

.0001 

.00254 

0.06 

0.84 

105 

12 

A 

.0002 

.00508 

0.06 

0.88 

106 

21 

A 

,0005 

.0127 

0.00 

107 

24 

A 

.00005 

.00127 

0^85 

0.76 

2^28 

108 

24 

A 

.0001 

.00254 

0.12 

1.16 

109 

36 

A 

.0005 

.0127 

0.02 

Partial 

110 

48 

A 

.00075 

.0191 

0.00 

penetration 

the  straight  lines,  but  tend  to  become  asymptotic  to  the  coating 
thickness  abscissa ;  a  relation  suggesting  an  infinite  coating  thick- 
ness for  very  long  carburizing  periods.  In  view  of  this,  the  lines 
for  carburizing  periods  exceeding  48  hours,  were  drawn  to  av- 
erage the  position  of  the  determined  points  and  the  values  at 
their  intersections  with  the  '"thickness  of  coating"  line  were  taken 
as  impermeable  thicknesses  of  coating.  If  these  values  for  zero 
penetration  be  plotted,  a  curve  roughly  paralleling  one  for  "ve- 
locity of  carbon  migration"  is  obtained.  The  parallelism  of  the 
two  suggests  a  relation  between  the  time  of  exposure  and  the 
activity  of  the  gases  in  the  carburizing  chamber ;  a  relation  wherein 
the  added  activity  of  the  gas  requires  the  additional  thickness  of 
coating. 


(9)        Giolitti ;   Cementation  of   Iron  and   Steel,   McGraw   Hill   Co.,   p.    131. 
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Using  the  values  for  coating  thickness  taken  from  the  in- 
tersections of  the  time  curves  with  the  zero  i)enetratiQn  abscissa 
of  Fig.  2,  the  curves  of  Fig.  3  were  prepared.*  From  this  dia- 
gram the  plating  time  necessary  to  deposit  an  adequate  thick- 
ness of  coating  for  the  conditions  indicated  may  he  rapidly  de- 
termined by  reading  the  abscissa  for  the  selected  carburizing 
])eriod   ordinate. 


Fig.     1 — Appearance    of    coated    specimens.      Natural    size.     a.     Arnico    iron.     b.     Cup- 
per   coating,     c.     Ground    coating,     d.     Kaolin    coating,     e.     Bottom    view    of    d. 

A  72-hour  endurance  test  of  the  several  thicknesses  of  copper 
was  made  by  exposing  coated  specimens  in  six  different  car- 
bur  izers.  The  results  appear  in  Table  Il-b.  The  data  show 
that  a  large  difference  in  depth  of  penetration  may  be  expected 
for  the  individual  penetrable  thicknesses  of  coating.  The  inter- 
section for  zero  penetration  corresponds  to  the  one  recorded  in 
Fig-  2. 

'Credit    is   due    Nf.    R.    Tlii>nipson,   clieinist,    lUtreau    of    Standards,    for   tliis   work. 
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Fig.    2 — Depth   of  carbon   migration   versus    copper   coating    thickness.      Intersection    of 
carbunzing   period   hnes    with    base   line   is    interpreted    as    safe    thickness. 

Some  of  the  alkali-earth  carhonates  which  are  essential  in- 
!J:reclients  of  many  solid  carhurizers  might  be  expected  to  corrode 
the  coating  surfaces  at  carburizing  temperatures.  The  deconi- 
p(..sing  semi  fused  salts  might  generate  corrosive  products  in  the 
iiitrogen-hydrogen-carboii    gases    which    would    attack    the    coating 
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Fig.     3 — Plating    time    and     thickness    of    coating    expressed     for    various     carburizing 
periods. 

surfaces.  Although  an  appreciable  difference  in  the  relative  a])- 
pearance  of  the  coating.s  was  observed  the  degree  of  destruction 
varied  for  the  individual  carburizers  and  a  distinction  could  not 
be  made. 

Most  of  the  data  listed  in  Table  111  were  obtained  by  running 
a  check  test  on  the  penetration  of  carbon  thnjugh  coalings  ex- 
pected to  be  either  permeable  or  impermeable  as  calculated  lrt»m 
•Fig.  3.  Where  a  penetrable  thickness  was  used,  an  inliltration 
of  ga.ses  had  occiuTed  ;  where  an  impenetrable  thicktiess  was  used. 
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no  carburization  took  place.  The  values  for  concentration  of 
carbon  and  depth  of  case  for  penetrable  coatings  varied  some- 
what from  those  of  Table  Il-a.  In  this  and  the  preceding  groups 
of  specimens  evidence  of  the  infiltration  of  nitrogenous  gases  was 
observed.  These  observations  will  be  discussed  in  a  subsequent 
description  of  the  microstructural  features. 

III.     Mineral  Base  Coatings 

The  succes.s  of  certain  coatings  made  of  single  or  mixed 
minerals  is  mentioned  in  the  introduction  to  this  article.  Usually 
mineral-base  coatings  depend  upon  water  or  sodium  silicate  to 
float  them  or  provide  them  with  the  plasticity  necessary  for 
their  application.  The  evaporation  of  the  water  and  the  decom- 
position of  the  sodium  silicate  during  drying  or  heating  gener- 
ally renders  the  resulting  coating  more  or  less  porous ;  the  porosity 
depending  upon  the  amount  of  volatile  material  held  in  the  plas- 
tic mass.  The  ability  of  such  coatings  to  prevent  carburization, 
depends  upon  their  thickness  and  the  mechanical  obstruction  which 
an  intricate  aggregate  of  fine  particles  oflfers.  Other  properties, 
such  as  adherence,  coherence,  density  and  continuity  would  un- 
doubtedly vary  with  the  composition  of  the  coatings  and  the 
physical   properties   of   their   ingredients. 

Fire-clay  has  served  and  continues  to  serve  the  purpose 
of  a  coating  for  preventing  carburization,  but  its  shrinkage  upon 
drying  or  baking  causes  large  surface  cracks  and  its  poor  adherence 
may  induce  parting  along  the  contact  of  the  steel  with  the  refrac- 
tory surfaces. 

In  a  search  for  a  more  impermeable  coating,  sodium  silicate 
was  substituted  for  water  in  the  fire-clay  mixture  in  order  to 
reduce  the  shrinkage  and  improve  the  adherence ;  a  mixture 
of*  kaolin  made  plastic  with  sodium  silicate  was  also  chosen  be- 
cause of  the  finely  divided  condition  of  the  kaolin,  and  an  enamel 
"ground  coat"  which  would  flux  at  the  temperature  of  carburi- 
zation was  selected  with  the  expectation  that  improved  adher- 
ence, coherence,  continuity  and  density  would  be  achieved  when 
this  mixture  was  leaked  or  burned  at  the  carburizing  temper- 
ature. 

Mateuials,  Method  oi.^  Preparation  and  Test 
The    fire-clay    and    kaolin    coatings    were    made    up    bv    adding 
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xKliuiu  silicate  to  the  dry  powder  and  stirriiii,'  to  the  coii.sistciicv 
of  clay  or  stiff  mud.  The  plastic  mass  was  then  securely  ])ackc(l 
around  the  specimens  with  the  aid  of  a  retaining  mold  and  tinally 
dried.  The  shrinkage  of  the  coatings  during  drying  produced 
concave  surfaces  which  were  flattened  to  a  uniform  thickness 
of  5/16  inch  on  each  of  the  sides  of  the  specimen. 

The  enamel  "ground  coat"  required  much  more  attention. 
"Ground  coats"'""^'  find  application  in  the  enameling  process  where 
they  serve  as  the  bond  l^etvveen  the  metal  and  the  glazed  finish. 
The  mixture  chosen  for  its  fusibility  and  adherence  in  the  car- 
burizing  temperature  range  was  prepared  and  applied  as   follows* : 

Parts 
Composition  by   weight 

Flint    (SiO,) 70  J 

Borax    ^7  f 

Sodium    nitratet     7  ,     ^  rit 

Lead  oxide   (Pb,04)    8  ) 

Frit 100  )  Afii 

Clay    (J    &    Pm 93  ^  ^'H  m,x 

The  mixture-called  frit,  was  sintered  at  850  to  900  degrees 
Cent.  (1565  to  1650  degrees  Fahr.)  and  the  resulting  sinter 
crushed  and  sieved.  Clay  was  added  to  the  sinter  to  form  the 
"mill  mix"  and  the  mixture  wet-ground  in  a  ball  mill.  Enough 
water  w^as  added  to  give  the  finished  product  the  consistency  of 
an  enamel  or  thickened  paint.  An  excess  of  water  would  do 
no  harm  if  the  mixture  were  allowed  to  stand  because  the  ex- 
cess would  separate   from  the  suspensoid   and   could  be  decanted. 

Before  applying  this  coating,  the  specimens  were  cleaned  of 
grease,  pickled  in  a  10  j^er  cent  nitric  acid-alcohol  solution,  washed 
in  alcohol  and  dried.  The  coating  was  applied  by  immersing  the 
specimens  in  the  emulsion,  then  draining  and  drying  them.**  The 
latter  procedure  was  repeated  2  or  3  times  to  obtain  a  coating 
approximately  3/32  inch  thick.  The  coated  specimens  are  il- 
lustrated in  Fig.   1. 

The  mineral  coated  specimens  were  put  through  the  same 
experimental    procedure    as    the    copper-coated    specimens.      This 

(10)  See  Trannactionx.  Ainerican  Ceramic  Society,   18,   ]91fi,   i>.   343. 

(11)  Sec  Tramactionx.  American  Ceramic  Society,  1,   191S,  p.   99. 

*The  selection  and  preparation  of  this  ground  coat  mixture  was  directed  by 
R.   R.   Danielson,   formerly  of  the   Bureau   of  Standards. 

tSodium  nitrate  was  later  replaced  l)y  sodium  carbonate  after  the  presence  of  nitrogen, 
probably  introduced  during  the  decomposition  of  nitrate  in  the  presence  of  carbon,  had 
been  observed. 

tt.\  special  enamel  clay  obtained  from  .Johnson  anil  Porter  of  McKen7.n\  Tenn., 
and   known   as   "number   eleven''   clay. 

•'Irregular    surfaces    could   be    coated    by    brushing    or    spraying. 
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procedure  consisted  of  a  72-h()ur  i'.xp<isure  san)))le<l  at  12-hour 
intervals  and  a  72-hour  exposure  in  cme  of  6  carhurizinj^  c<>m- 
]wunds.  An  additional  adherence  test  of  the  "grotind  coat"  con- 
sisted of  exposures  up  tt)  72  hours,  of  smoothly  linished  speci- 
mens of  1/16,  Vs  and  '4-inch  radius  covered  with  the  coating 
which  was  applied  as  descril^ed  ahove.  This  test  was  made  to 
determine  the    feasibility  of  applying  the  coating  to   surfaces  ma- 

Table  IV-a 
Resistance  of  mineral  coatings  to  penetration  by  carburizing  gases. 

Carbon  Penetration 

Depth  of 
Coating  Total  Max.       penetration 

Spec.       .Material  Thickness  Exposure         depth  cone.         to  0.20  C. 

No.  Inches  mm.  in  hours  mm.  %  C.  mm.         Remarks 


67 

Kaolin 

.3125 

7.94 

12 

1.55 

.12 

f.S 

Kaolin 

.3125 

7.94 

24 

2.48 

.55 

.93 

6'; 

Kaolin 

.3125 

7.94 

36 

4.34 

.78 

2.32 

70 

Kaolin 

.3125 

7.94 

48 

5.19 

.65 

1.76 

71 

Kaolin 

.3125 

7.94 

60 

5.04 

.75 

1.86 

72 

Kaolin 

.3125 

7.94 

72 

6.99 

.87 

2,64 

7S 

Fire  Clay 

.3125 

7.94 

12 

l.SS 

.17 

79 

Fire  Clay 

.3125 

7.94 

24 

2.01 

.12 

80 

Fire  Clav 

.3125 

7.94 

36 

3.57 

.17 

81 

Fire  Clay 

.3125 

7.94 

48 

3.72 

.15 

87. 

Fire  Clay 

.3125 

7.94 

60 

3.78 

.20 

83 

Fire  Clay 

.3125 

7.94 

72 

3.36 

.40 

2.94 

89 

f  Enamel — 

3 

coats 

12 

1.37 

.10 

n 

90 

', Ground  coat 

J 

coats 

24 

2.02 

.08 

n 

91 

Ground  coat 

3 

coats 

36 

3.26 

.13 

n 

92 

Ground  coat 

3 

coats 

48 

3.65 

.17 

n  • 

93 

Ground  coat 

3 

coats 

60 

4.65 

.06 

n 

94 

Ground  coat 

3 

coats 

72 

5.90 

.13 

n 

n — presence  of  smal 

nitride 

needles  app; 

arently  caused  by  the  decom 

position  of 

sodium 

nitrate  which 

was  an  ingredient  of  this  coating. 

chined  to  a  smooth  finish  by  grinding  and  filleted  to  the  usual  di- 
mensions  encountered    in   practice. 

Examinations   and   Results 

An  inspection  of  the  specimens  following  their  exposure  to 
the  carburizing  gases  showed  that  the  kaolin  coatings  had  cracked 
l)adly  and  appeared  porous ;  the  fire-clay  coatings  appeared  equall>' 
porous,  but  had  not  cracked ;  the  "ground  coat"  coatings  had 
flaked  from  the  surfaces  because  of  the  dilTerence  in  the  rate 
and  magnitude  of  the  contraction  of  the  steel  and  coating,  dur- 
ing cooling.  Isolated  patches  of  the  "ground  coat"  remained 
partly  fused  to  the  surfaces.  These  particles  were  removed  by  a 
light  tapping  or  impact.  The  fragments  appeared  compact  and 
dense. 

A    microscopic    examination    of    cross    sections    of    the    speci- 
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mens  yicUk'd  the  data  listed  in  Tahlo  I\-a.  I\'-I»  and  l\'-r.  A 
survey  ot'  these  data  clearly  shows  the  |)enneal)ility  of  the  kaolin 
coatint,'.  An  a|)|)reeial)Ie  depth  of  penetration  is  acoinpanied  hy 
a  high  concentration  of  carhon  at  the  surface.  The  fire-clay 
coating  shows  a  more  shallow  ]jenetration  and  a  lower  carbon  con- 
centration.    ']"he   limited  porosity  and   sustained   resistance  to  i)en- 


Table  IV-b 

Resistance  of  mineral  coatings  to  gases  produced  by  various  carburizers. 

Period  of  test;  72  hours 


Carbon  Penetration 

Depth  of 

Coatlne 

Total 

Max. 

penetration 

Spec. 

Material 

Th 

ickness 

depth 

cone. 

to  0.20  C. 

No. 

Inches 

mm. 

Carburizer 

mm. 

'-'f  C. 

mm. 

Remarks 

72 

Kaolin 

.3125 

7.94 

.\ 

6.99 

.87 

2  64 

73 

Kaolin 

.3125 

7.')4 

B 

6.20 

.85 

2.48 

74 

Kaolin 

.3125 

7.94 

C 

5.85 

.37 

2.17 

n  (heavy) 

75 

Kaolin 

.3125 

7.94 

D 

6.33 

.55 

2.89 

n  (heavy) 

76 

Kaolin 

.3125 

7.94 

E 

4.55 

.55 

2.15 

n  (heavy) 

77 

Kaolin 

.3125 

7  94 

F 

6.20 

.87 

2.95 

n  fheavy) 

83 

Fire  Clav 

.3125 

7.94 

.\ 

3.36 

.40 

2.94 

84 

Fire  Clav 

.3125 

7.04 

B 

7.75 

.40 

2.79 

N 

85 

Fire  Clay 

.3125 

7.94 

C 

4.03 

.20 

86 

Fire  Clay 

.3125 

7.94 

D 

5.58 

.20 

87 

Fire  Clay 

.3125 

7.94 

F. 

3.59 

.32 

2.04 

n 

88 

Fire  Clay 

.3125 

7.'>4 

F 

3.95 

.08 

94 

Enamel 

3 

coats 

.A 

5.90 

.13 

n 

95 

Ground  coal 

3 

coats 

B 

4.65 

.17 

N  (heavy) 

96 

Ground  coat 

3 

coats 

C 

5.43 

.25 

78 

N  (heavy) 

97 

Ground  coat 

3 

coats 

D 

5.89 

.33 

2.48 

N 

98 

Ground  coat 

3 

coats 

V. 

6.05 

.30 

1.55 

N  (heavy) 

99 

Ground  coat 

3( 

coats 

F 

5.82 

.12 

n 

n — presence  of  small  nitride  needles. 
\ — presence  of  large  nitride  needles. 


etration  of  the  "ground  coat"  is  expressed  in  the  deep,  low-car- 
bon penetration  which  suggests  a  continuous,  but  feeble  infiltra- 
tion of  gas. 

In  the  adherence  test  of  the  "ground  coat."  smoothly  ground 
surfaces  of  %,  %  and  1/16-inch  radius  were  coated  with  the 
mixture.  The  coating  failed  to  adhere  to  the  smooth  surfaces 
and  deep  penetrations  resulted  from  the  24-hour  exjiosure  as 
.shown  in  Table  I\'-c.  The  test  shows  that  a  surface  rough- 
end  to  a  dull  or  matte  finish  by  i)ickling  or  other  means,  is  neces- 
sary to  provide  an  anchorage  for  the  contact  films  of  the  coat- 
ing. In  other  respects,  the  "ground  coat"  of  the  thickness  used, 
appears  satisfactory  where  a  slight  jjenetration  is  permissible. 
\\'here  none  is  permissible,  recourse  to  the  copi)er  coating  seems 
necessary. 
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W .     Incidental  FiiATUKEs 

Micynstructurc 


In  the  critical  exaiiiiuatiuii  of  a  large  number  of  specimens, 
features  of  more  or  less  importance  are  quite  likely  to  present 
themselves  for  such  attention  as  the  urgency  of  the  principal  in- 
vestigation  may   allow.     In    the    present    work,    the    occurrence    of 


Table 

IV-c 

Exposure 

of 

smoothly  finished 

short  radius  specimens. 

coated  with  ' 

ground  coat." 

C 

arbon  Penetration 

Specimen 

Max. 

Depth  of 

No. 

Carburizing 

Total 

Con.  C. 

penetration 

Remarks 

h"  r.id 

us 

Depth  mm. 

%c. 

%c. 

to  0.20%  C. 

Penetration 

1 

3 

1.02 

.18 

Uniform 

2 

(, 

1.68 

.7.> 

Irregular 

^ 

12 

complete 

1.0 

.98 

Uniform 

4 

18 

no  specimen 

Uniform 

5 

24 

complete 

1.0 

Uniform 

(, 

36 

complete 

1.0 

Uniform 

7 

48 

complete 

1.2 

Uniform 

8 

60 

complete 

1.1 

Uniform 

<) 

72 

complete 

1.2 

Uniform 

's" 

rad 

us 

1 

3 

1.02 

.32 

Uniform 

2 

6 

1.26 

.40 

'!77 

Uniform 

3 

12 

2.22 

.87 

1.30 

Irregular 

4 

18 

2.73 

.55 

1.54 

Irregular 

5 

24 

complete 

.90 

Uniform 

r. 

36 

complete 

.90 

Uniform 

7 

48 

complete 

1.10 

Uniform 

8 

60 

complete 

.90 

Uniform 

') 

72 

complete 

1.20 

Uniform 

h" 

rad 

us 

1 

3 

.84 

.18 

Uniform 

2 

6 

1.19 

0.36 

6;49 

Uniform 

.    3 

12 

1.82 

0.55 

0.70 

Irregular 

4 

18 

no  specimen 

5 

24 

2.88 

[go 

1.16 

Irregular 

6 

36 

3.64 

.90 

2.14 

Irregular 

7  • 

48 

4.32 

1.00 

2.59 

Irregular 

8 

60 

4.90 

1.00 

2.80 

Irregular 

9 

72 

5.30 

1.10 

2.80 

Irregular 

thick  cementite  films  and  evidence  of  the  infiltration  of  nitro- 
genous gases  warranted  more  than  passing  attention.  The  pres- 
ence of  either  of  these  two  components  of  structure  is  often  ac- 
companied by  brittleness  or  spalling  in  the  zones  they  occupy'; 
an  undesirable  feature  for  many  tyj^es  of  service.  Fortunately 
this  structure  did  not  exceed  2  or  3  millimeters  of  depth  and 
would  not  be  considered  injurious  if  the  metal  below  the  coated 
surface  were  subsequently  removed.  In  industrial  practice,  steels 
for  carburizing  purposes,  usuall)'  contain  a  small  amount  of  car- 
bon which  acts  as  a  more  or  less  eilfective  buffer  against  the  in- 
filtration of  nitrogenous  gases  thereby  reducing  the  degree  of 
contamination. 
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Figs.  5-a  and  5-c  illustrate  the  form  in  which  the  deposited 
carbon  is  concentrated  beneath  the  coated  surface  in  cementite 
films  or  white  bordered  patches  of  i>earlite.  The  susceptibility 
of  the  specimens  to  contamination  by  nitrogen  and  the  resem- 
blance of  the  white  bordered  patches  of  pearlite  to  correspond- 
ing "nitride"  patches   prompted   the   application  .of   an    etching  test 


Fig.  4 — Examples  of  good  and  poor  coatings,  a.  .Satisfactory  copper  coating.  1>. 
A  local  fusion  of  copper  and  "iron.  Mag.  x  100.  Etched  in  2  per  cent  nitric  acid  in 
alcohol. 

to  assist  in  the  identification  of  the  patches.  The  failure  of  Steads 
reagent  and  the  success  of  sodium  picrate  in  darkening  the  bright 
edges,  as  illustrated  in  Fig.  5-d  indicated  that  cementite  predom- 
inated rather  than  nitride.  The  structure  presented  in  l-'igs.  5-a 
and  5-c  prevailed  when  the  average  carbon  content  estimated  from 
the  total  area,  occupied  by  the  patches  of  pearlite,  did  not  exceed 
0.10  per  cent.  The  initially  low  carbon  content  of  the  Arnico 
iron  and  the  slow  cooling  in  the  carburizing  boxes  doubtless  as- 
sisted in  producing  this  particular  structure.  There  are  possibil- 
ities that  other  cau.ses  such  as  the  presence  of  oxides  or  oxygen 
in  the  iron  or  the  preferential  infiltration  of  carbon-rich,  hydnj- 
carbon  gases  through  the  protective  coating,  encouraged  tiu-  con- 
centration  of   carbon. 
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c.      Specimen   55 


Specimen  55. 


Fig.  5 — Etching  tests  of  "white  bordered"  pearUtic  patches,  a.  Iiitiltration  ot 
hvdrocarbon  gases  probably  produces  heavy  ceinentite  films.  Fig.  b  (etched  with  ^tead  s 
rJagent)  fails  to  darken  white  border  of  patches.  Fig.  d  etched  with  boiling  sodium 
picrate;  cementite  cd.gc  is  darkemd.  a  antl  c  etched  wilb  2  per  cent  H -N  ( )a  '" 
alcohol.     X    .^00    dia. 
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The  presence  of  lung  and  short  "nitride"  needles  in  the  sub- 
surface layer  of  many  of  the  specimens  clearly  demonstrated  that 
an  increase  in  the  nitrogen  content  of  this  zone  had  occurred. 
The  nitrogen  markings  cannot  be  detected  in  eutectoid  or  hyper- 
eutectoid  areas.  For  this  reason  the  hypoeutectoid  zones  cf)n- 
taining  less  than  0.45  per  cent '  carbon  otYered  the  best  niatri.x 
for  the  detection  of  nitrogen.  The  structures  ])resented  in  Figs. 
6  and  7  show  the  distinctive  characteristics  of  nitrogen  bearing 
areas.  Armco  iron  ])ossesses  an  initial  nitrogen  content  of  0.003 
to  0.0055  per  cent.  The  structure  of  the  original  material  is  re- 
produced for  convenient  reference  in  Fig.  6-a.  If  a  surface  be 
roughened  by  etching  more  deeply  than  is  necessary  to  develop 
the  grain  outline  a  numl)er  of  small  cuts  or  a  few  large  slashes 
such  as  appear  in  Figs.  6-b  and  6-c.  may  be  disclosed.  These 
markings  closely  resemble  isolated  nitride  needles  but  beyond  this 
resemblance,  evidence  to  establish  their  identity  is  lacking.  Etch- 
ing in  Stead's  reagent  darkened  those  of  Fig.  6-c.  although  this 
test  might  be  discounted  because  the  thin  needles  are  too  deli- 
cate to  be  insensitive  to  corrosive  reagents.  An  analysis  for 
nitrogen  of  a  layer.  1  mm.  thick,  cut  from  sjjecimens  showing 
the  types  of  structure  illustrated  in  Figs.  6-1)  and  6-c.  yielded  iden- 
tical results.  An  increase  in  local  concentration  probal)ly  pro- 
duces  the   coarser   needle.* 

Figs.  6-d.  e.  f  and  7-a.  b.  show  an  unmistakal)le  increase  in 
the  number  of  nitride  markings  which  indicates  an  increase  in 
nitrogen  in  the  subsurface  layers.  Some  of  the  unusual  posi- 
tions which  these  markings  adopt  may  be  worth  mentioning.  In 
Fig.  6-d,  for  example,  the  usual  intercleavage  alignment  as- 
sumes a  directional  trend  that  makes  the  sn1!ill  needles  resemble 
elongated  etching  pits.  However,  the  multivariant*  orientation 
of  the  markings  of  Fig.  6-f,  in  an  adjoining  area  destroys  the 
etching  pit  requirement  of  "uniformity  of  orientation  in  indi- 
vidual grains."  The  markings  within  the  large  grain  of  Fig.  6-f 
adopt  a  tandem  arrangement  that  appears  to  outline  several  small 
grains  which  have  coalesced  to  form  the  large  individual ;  the 
.small  needles  exhibiting  a  preference  for  the  poorly  knit  con- 
tacts of  the   precoalesced   units. 


*In  the  nitrogenizatioii  of  iron  witli  ammonia,  through  a  temperature  gradient, 
small,  thin  needles  have  been  found  in  low  temperature  areas  which  yielded  less  nitrogen 
than    areas    containing    large    needles. 
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Fig.  6 — Microstructural  evidence  of  nitrogen  contamination,  a.  Original  structure 
of  Armco  iron.  h.  Suggestion  of  a  sinall  initial  content  of  nitrogen  in  short,  widely 
separated  "needles."  c.  Local  concentration  of  nitrogen  indicated  larger  nitride  needles, 
d.  Heavy  precipitation  of  small  needles,  e.  Large  and  small  needles  mixed  with 
pearlitic  matrix  in  copper  coated  specimens,  f.  A  ferritic  area  of  Figs.  b,  c,  d  and 
f,   X    500.      Others    x    100    dia.     Etched    in    2    per    cent    nitric    acid    in    alcohol. 
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I'igs.  7-a,  b  and  c  illustrate  the  unusual  phenomena  of  ni- 
tride needles  traversing  patches  of  pearlite.  The  intersections 
seeru  to  be  confined  to  the  ferrite  laminations.  The  small  mark- 
ings appear  to  adopt  a   latticed   spacing   within  the   ferrite  that  is 


a.   Spec.    7 


b.   Spec.    7 


Fig.  7 — Pearlitic  areas  contaminated  by  nitrogen,  a.  Large  nitride  needles  indicate 
infiltration  of  compounds  of  nitrogen.  Needles  appear  along  cleavage  planes  and  grain 
boundaries,  b.  Needles  appear  in  pearlitic  patches  but  do  not  intersect  cementite 
lamellae,  c.  Large  and  small  needles  appear  in  pearlitic  areas.  All  etched  with 
2   per    cent   HNOs   in    alcohol,     a    x    100.     b    and    c    x    50O. 


sandwiched  between  sheets  of  pearlite.  Fig.  7-c  shows  large 
and  small  needles  scattered  through  a  pearlitic  area.  In  all  speci- 
mens the  large  needles  as  shown  in  Figs.  6-c,  7-a  and  7-b,  are 
found  near  the  edges,  frequently  intermingled  with  the  small 
needles,  while  the  latter  alone  prevail  in  the  more  remote  areas 
of  the  affected  laver. 


Source  of  Nitrogen  Contamination 


In  view  of  the  microscopic  evidence  of  the  presence  of  nitro- 
gen the  problem  of  determining  the  source  of  this  contamination 
was  presented.     The  nitride  structures  may  have  been  due  to : 
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(a)  A     surface-ward     iiii,i,Maliiiii     of     nitnigcn     initially     dis- 
solved  in   tlic   specimen. 

(b)  A    transfer    from    tlie    coatini^s    of    nitrogen    originatiiiL', 
from    occluded    ijjas    or    decomposed    ingredients. 

(b)      A    transfer    from    tbe    coatings    of    nitrogen    originating 
burizers    througb    tbe    coatings. 


Table  V. 
Nitrogen  content  in  1  mm.  layer  underlying  copper  coating. 


Spec. 

No. 


Carburizer 


Coating 
inches  mm. 


Exposure    %  Nitrogen     Approx.  N   micro- 

in    hours       in  1  mm.        multiple  scopically 

layer        of  initial  N  observed 
content 


12 
13 
14 
IS 
16 
17 

A 

1.24%\. 

.0005 
.0005 
.0005 
.0005 
.0005 
.0005 

.0127 
.0127 
.0127 
.0127 
.0127 
.0127 

12 
24 
36 
48 
60 
72 

45 
46 

47 
48 

A 

.0020 
.0020 
.0020 
.0020 

.0508 
.0508 
.0508 
.0508 

12 
24 

36 
48 

7 
18 

B 

1.78%N. 

.00025 
.00050 

.0064 
.0127 

72 
72 

8 
19 

S2 

C 

.84%N. 

.00025 
.00050 
.00200 

.0064 
.0127 
.0508 

72 
72 
72 

9 
20 
53 

D 
.44%N. 

.00025 
.00050 
.00200 

.0064 
.0127 
.0508 

72 
72 
72 

10 
21 
54 

E 
.41%N. 

.00025 
.00050 
.00200 

.0064 
.0127 
.0508 

72 
72 
72 

11 

22 

55 

F 

.46%N. 

.00025 
.00050 
.00200 

.0064 
.0127 
.0508 

72 
72 
72 

X 

• 

0070 
0070 
0070 
0130 
0130 
0100 

1.3 
1.3 
1.3 
2.4 
2.4 
1.8 

No 
No 
No 
No 
No 
No 

0034 
0057 
0051 
.0041 

No 
No 
No 
No 

.0230 
.0270 

4.2 
4.9 

Yes 
Yes 

.0310 
.0220 
.0087 

5.6 
4.0 
1.6 

Yes 
Yes 

No 

.0330 
.0190 
.0069 

6.0 

3.5 
1.3 

Yes 
Yes 
No 

.0130 
.0100 
.0055 

2.4 
1.8 

Yes 

No 
No 

.0220 
.0110 
.0058 

4.0 
2.0 

Yes 
No 

XT- 

.0054 


No 


.X — Sample  of  original  material  (.Armco  iron). 


The  analysis  *  for  nitrogen  of  a  layer  1  mm.  thick  cut 
from  the  subcoating  surface  of  specimens  selected  from  the  cop- 
per  plated  group  yielded   the  data  of   Table   V. 

The  nitrogen  content  of  specimens  45  to  48  inclusive,  is  ap- 
parently unaltered  after  carburization,  thus  indicating  that  a 
migration  from  the  interior  to  the  surface  does  not  occur,  nor 
is  nitrogen  introduced  from  the  decomposition  of  occluded  or 
entrained  cyanide**  within  the  matrix  of  the  relatively  thick- 
coat  of   copper.     The    kaolin   and    fire-clay   coatings   did   not   con- 

*Analyses    made    by    Louis    Jordan,    chemist,    Bureau    of    Standards. 
••The   use    of    a    cyanide    solution    in    plating    the    specimens    suggested    this    as    source 
of    nitrogen    contamination. 
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tain  nitrogenous  ingredients  and  contamination  from  these  coatings 
would  not  be  expected.  l"he  prevalence  of  nitride  markings  in 
all  of  the  specimens  covered  with  the  enamel  "ground  coat"  drew 
attention  to  the  3  per  cent  of   sodium  nitrate   in  the  coating  com- 


Fig.  8a — Nitrogen  contamination  traced  to  .-iodiiini-nitrate  of  ground  coat.  b.  Small 
nitride  needles  appear  in  subsurface  zone  of  specimen  heated  I'A  hours  at  1000  degrees 
Cent,  in  ground  coat  plus  charcoal  mixture,  c.  Subsurface  zone  of  specimen  heated 
I'A  hours  at  1000  degrees  Cent,  in  "ground  coat"  mixture,  x  500.  Etched  in  2  per 
cent    HNO3    in    alcohol. 

position.  The  source  of  the  needles  was  attributed  to  the  decom- 
position of  the  nitrate  in  the  presence  of  carbon  and  iron  at  the 
carburizing  temperature.  Heating  a  specimen  for  1  hour  at  1000 
degrees  Cent.  (1832  degrees  Fahr. )  in  a  crucible  filled  with  a 
mixture  of  "ground  coat"  and  charcoal  in  one  instance  and  re- 
peating the  treatment  on  another  specimen  packed  in  the  ground 
coat  alone,  yielded  a  perceptible  nitrogen  penetration  in  the  for- 
mer, which  substantiated  the  explanation  given  above,  l^'igs.  8-b 
and  8-c,  illustrate  the  resulting  structures.  R('])lacing  the  nitrate 
with  sodium  carbonate  should  climinalc  this  eikrt. 

The  pronounced  increase  in  the  nitrogen  content  of  thinly 
coated  surfaces  and  the  general  increase  in  the  nitrogen  content 
of    .specimens   exposed    for    progressively    longer   intervals    of   time 
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demonstrated  that  the  gas  was  being  introduced  from  a  source 
extraneous  to  the  specimens ;  obviously  the  carburizing  gases. 
The  nitrogen  content  of  specimens  7  to  17  illustrates  this  point. 
The  data  of  Table  V  show  that  no  relation  exists  between  the  nitro- 
gen content  of  the  carburizers  and  the  degree  of  contamination. 

Summary 

1.  Experimental  tests  of  carefully  prepared,  copper  coatings 
were  interpreted  to  yield  empirical  curves  which  show  the  pro- 
gressive increase  in  the  thickness  of  coating  necessary  to  obtain 
protection  against  carburization  for  increasing  periods  of  time.  The 
curves  are  expressed  in  terms  of  carburizing  time,  plating  time 
and    plating    thickness. 

2.  Experiments  with  mineral  base  coatings  consisting  of 
sodium  silicate  pastes  with  kaolin  and  fire-clay  as  the  body  mater- 
ials, resulted  in  failure  for  the  kaolin  and  a  moderate  success 
for  the  fire-clay  mixture.  Results  obtained  with  3  coats  of  an 
enamel  "ground  coat"  mixture  were  equal  or  slightly  superior 
to  those  of  the  mvich  thicker  coating  of  fire-clay.  A  pickled 
or  roughened  surface  is  necessary  for  the  successful  adherence 
of  the  "ground  coat"  and  a  similar  surface  would  doubtless  im- 
prove the  adherence  of  other  mineral-base  mixtures. 

3.  A  microscopic  examination  of  exposed  specimens  fre- 
quently showed  a  concentration  of  carbon  beneath  the  penetrable, 
copper-coated  surfaces  and  evidence  of  an  infiltration  of  nitrogenous 
compounds.  The  latter  were  found  to  originate  from  the  carburiz- 
ing gases,  supplemented  in  one  instance,  by  the  decomposition  of 
.sodium  nitrate  in  the  "ground  coat"  mixture.  Data  are  submitted 
in  detail  and  structural  features  are  carefully  described. 

In  conclusion  the  authors  wish  to  acknowledge  the  advice 
and  assistance  which  Messrs.  Blum,  Thompson  and  Danielson  so 
helpfully  contributed  toward  the  accomplishment  of  this  work. 
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TESTING  OF  STEEL  FOR  HARDNESS 
By   H.  M.   German 

DURING  the  discussion  in  the  last  sympusiuni  on  hardness 
testing  conducted  by  this  society,  the  question  was  asked, 
"Would  it  not  be  possible  to  formulate  some  instructions  as  to 
how  to  use  the  different  machines?'"  The  machines  under  discus- 
sion were  the  Brinell,  Rockwell  and  scleroscope.  Acting  upon  the 
above  suggestion,  it  was  thought  that  a  practical  paper  dealing 
with  some  of  the  most  important  factors  and  elements  that  intro- 
duce errors  in  the  operation  of  these  hardness-testing  machines 
would  be  useful  to  the  society.  It  is  not  difificult  to  operate  the 
three  machines  in  question,  but  when  several  operators  testing  a 
given  piece  of  steel  with  the  same  machine  at  different  times  ob- 
tain widely  divergent  results,  it  is  evident  that  there  are  factors 
in  the  machine  and  in  its  operation  that  introduce  errors. 

Brinell    Hardness    Testing 

The  Brinell  test  is  a  measure  of  hardness  by  deformation.  In 
making  a  standard  test  a  fixed  pressure  is  applied  on  a  hardened 
and  polished  steel  ball  10  millimeters  in  diameter  which  in  turn  pene- 
trates the  test  piece  that  is  held  in  a  rigid  position.  The  diameter 
of  the  impression  is  proportional  to  the  resistance  of  the  piece 
tested.  For  iron,  steel  and  the  harder  metals  30CX)  kilograms  is  the 
standard  pressure,  while  for  the  softer  metals  like  lead  and  babbitt 
metal,  a  moderated  pressure  is  used.  To  obtain  the  hardness  num- 
ber corresponding  to  the  diameter  of  the  impression,  the  diameter 
of  the  impression  may  be  read  with  a  microscope  having  a  graduated 
millimeter  scale  or  the  depth  of  impression  taken  by  a  micrometer 
attachment.  The  readings  obtained  may  be  referred  to  a  chart 
which  will  transpose  them  to  the  corresponding  degree  of  hardness 
or  hardness  number. 

Several  plants  use  the  diameter  of  impression  as  the  unit  of 
hardness,  as  for  example  3.2  instead  of  the  hardness  number  364. 
This  term  conveys  the  same  meaning  of  hardness  and  saves  time 
in  computing  or  comparing  with  a  chart  to  obtain  the  hardness 


A  paper  to  be  presented  at  the  Symposium  on  Hardness  Testing,  annual  con- 
vention of  the  Society,  Pittsburgh,  October  8-12,  1923.  The  author,  H.  M.  Ger- 
man, is  metallurgist,  Henry  Disston  i£  Sons,  Philadelphia.  Written  discussion 
of  this  paper  is  invited. 
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number.      The    ])ractice    of    reporting    BrincU    hardness    should    be 
standardized. 

It  is  recognized  that  metals  under  mechanical  work  or  com- 
pression when  cold,  change  in  hardness  and  become  more  resistant 
to  deformation  up  to  the  ])oint  of  rupture.  The  extent  of  this  change 
of  hardness  varies  not  only  in  dififerent  metals  but  also  according 
to  the  rate  of  application  of  pressure.  Therefore,  it  must  be 
understood  that  the  Brinell  test  is  a  comparison  and  reliable  results 
can  be  obtained  only  by  testing  like  articles  under  like  conditions. 

The  Brinell  machine  is  still  recognized  as  the  leading  standard 
for  the  engineer  to  compare  dififerent  degrees  of  hardness  on  ac- 
count of  its  accuracy  and  reliability  when  the  necessary  precautions 
are  taken  in  making  the  tests.  The  Brinell  machine  has  its  limita- 
tions in  that  the  standard  test  cannot  be  used  for  testing  thin  sec- 
tions, those  that  will  not  stand  a  permanent  deformation,  or  fin- 
ished articles  in  whicb  the  depression  mark  would  be  objectionable. 
The  standard  pressure  used  for  the  test  is  3000  kilograms  and 
should  be  used  whenever  possible.  However,  by  reducing  the 
pressure  the  depth  of  depression  will  be  decreased  and  thinner 
sections  can  be  tested.  If  a  series  of  test  pieces  having  graduated 
degrees  of  hardness  are  prepared  and  readings  taken  with  different 
pressures,  it  is  not  difficult  to  form  a  curve  that  will  transpose 
readings  at  lower  ])ressure  to  comparative  readings  at  the  standard 
pressure.  A  comparison  curve  for  transposing  readings  at  1500 
kilograms  jiressure  to  those  at  3000  kilograms  pressure  is  given  in 
Fig.   1. 

The  gage  limitation  of  specimens  to  be  tested  by  the  Brinell 
is  also  influenced  by  the  hardness  of  the  i)iece  to  be  tested.  For  ex- 
ample, it  is  more  possible  to  test  a  thinner  section  of  high  tempered 
steel  than  of  low  tempered  steel  as  the  impression  will  be  much  less 
in  the  former  than  in  the  latter.  An  impression  which  shows  as  a 
bulge  on  the  opposite  side  will  not  give  accurate  results  and  should 
be  discarded. 

The  minimum  gage  limits  for  Brinell  and  Rockwell  tests  on 
1.00  per  cent  carbon  steel  hardened  and  tempered  at  dififerent  tem- 
peratures is  shown  in  Table  I.  The  results  were  obtained  by  harden- 
ing eight  pieces  of  steel  eight  inches  long  by  two  inches  wide  by 
three-sixteenths  of  an  inch  thick,  which  had  previously  been  ground 
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Fig.     1— Comparison     Curve    for    Transposing     Brinell    Readings    at     150n     Kilograms 
I)rcssiire  to  those  at   3000   Kilograms   ]'ressure   I'sing  a   10   mm.    Hall. 

to  remove  any  presence  of  decarburization.  The  hardened  pieces 
were  then  drawn  at  ditTerent  degrees  of  heat  and  then  taper  ground 
and  rough  poHshed.  A  series  of  tests  were  then  made  on  each  piece 
at  close  intervals  from  the  heaviest  to  the  thinnest  section  and 
the  point  was  noted  at  which  the  impression  produced  a  bulge  on 
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the  upiH)site  side  and  the  readings  were  influenced.  The  thickness 
at  this  point  was  measured  with  a  micrometer  and  was  taken  as  the 
minimum  gage  limitation  for  tliat  jiarticular  hardness.  The  meth- 
od used  in  determining  the  hmitation  is  illustrated  in  Fig.  2. 


Table  I 
Minimum  Gauge  Limits  for  Brinell  and  Rockwell  Tests  at  Different 

Tempers 
1.00  Per  Cent  Carbon  Steel 


No. 


Drawing 

Temp. 

Deg. 

Fahr. 


1 700 

2 800 

3 900 

4 1000 

5 1100 

6 1200 

7 1300 

8 Anneal 


Brinell     3000  Kg.     Brinell    1500    Kg.     Rockwell 
Pressure  Pressure  Steel    Ball 

Reading    Ga.  Limit  Reading    Ga.  Limit  Reading  Ga.   Limit 


3.5 
2.65 
4.0 
4.4 


.050 
.060 
.065 
.070 
.080 
.090 
.105 
.140 


.  030 
.035 
.040 
.045 
.050 
.060 
.070 
.085 


114 
113 
111 
109 
107 
103 
94 
87 


.023 
.024 
.026 
.027 
.029 
.031 
.034 
.038 


One  of  the  greatest  factors  that  will  influence  the  Brinell  re- 
sults is  the  speed  at  which  the  pressure  is  applied.  If  the  pressure 
is  applied  rapidly,  "the  depression  will  be  greater  than  if  it  is  ap- 
])]ied  slowly  and  gradually.     This  error  is  strikingly  shown  when 
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Fig.   2  —  Sketch   of   Te.^t   Piece   I'sed  to   Determine   Gauge   Limitations. 

comparing  results  obtained  by  an  eccentric  and  weight  type  of 
machine  with  that  using  a  hydraulic  action.  In  the  former 
the  load  is  applied  quicker  and  there  is  a  greater  swing  of  the 
weight  than  in  the  latter.  Average  readings  on  these  pieces  of 
annealed  steel  are  as  follows : 
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No.  1  No.  2               No.  3 

Lever  Brinell — fast  pressure     4.4  mm.  4.6  mm.  4  3  mm. 

Lever  Brinell — slow  pressure     4.3  mm.  4.5  mm.  4.2  mm. 

Hydraulic  Brinell — normal       4.15  mm.  4  4  mm.  4   15  mm. 
pressure 

Part  of  the  above  ditiference  may  Ije  due  to  tlie  type  of  machine 
used. 

The  average  difference  between  a  fast  and  a  slow  apphcation 
of  pressure  with  the  hydraulic  machine  is  about  0.1  millimeter  in 
diameter  for  medium  hard  metals;  the  softer  the  metal,  the  greater 
will  be  the  difference.  A  satisfactory  period  of  time  for  applying 
the  full  load,  is  five  seconds. 

Another  important  factor  that  will  influence  the  depth  of  in- 
dentation, is  the  duration  of  time  that  the  full  pressure  is  applied 
in  making  the  test.  A  short  application  of  pressure  will  not  gi\'e 
consistent  readings  as  it  requires  time  for  the  full  pressure  to  ex- 
ert itself  in  pressing  the  ball  into  the  test  piece  and  reach  an 
equilibrium.     This  is  clearly  shown  in  the  following  test : 


Period   ot 

-  Brinell  R( 

eadings  



.Average 

Application 

Reading 

Seconds 

5 

3.125 

3 . 1 25 

3.125 

?i . 

1 

3.12 

10 

3.15 

3.15 

3.15 

3. 

15 

3.15 

20 

3.2 

3.15 

3.15 

3. 

15 

3.16 

30 

3.175 

3.175 

3.175 

3. 

175 

3.175 

45 

3.2 

3.175 

3.175 

3. 

175 

3.18 

60  3.2  3.175  3.175  3.175  3.18 

In  this  test  the  maximum  reading  was  obtained  at  45  seconds : 
there  being  no  increase  with  an  additional  15  seconds.  In  com- 
mercial testing  the  average  duration  is  10  seconds,  but  when  more 
accurate  readings  are  desirable,  30  seconds  give  consistent  results. 
A  standard  time  should  always  be  used. 

One  weakness  of  the  Brinell  machine  is  that  the  steel  balls 
frequently  crack  or  become  deformed.  This  .source  of  trouble  is 
naturally  greater  when  testing  harder  pieces  tlian  when  testing  an- 
nealed pieces.  A  cracked  or  deformed  ball  may  be  detected  when 
reading  the  indentation  as  it  will  be  out  of  round.  Oval  shaped  de- 
pressions should  be  discarded.  There  is  at  present  considerable 
research  work  being  done  to  obtain  a  nonbrittle.  nondeforming  ball 
and  if  successful,  this  source  of  error  will  be  eliminated. 
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In  order  to  obtain  consistent  readings,  the  following  precau- 
tions should  also  be  observed: 

See  that  the  surface  of  the  test  piece  is  at  iHght  angles  to 
the  direction  of  applied  pressure  and  that  it  rests  solid  on  the  sup- 
port. 

See  that  the  movable  block  on  which  the  test  piece  rests  is 
flat.  The  author  has  frequently  seen  blocks  that  had  indentations 
made  in  them  by  the  Brinell  ball.  This  will  give  nonuniform  re- 
sults, particularly  when  testing  thin  sections.  If  the  block  is  not 
fiat,  have  it  ground. 

Check  the  reading  glass  frequently  to  see  that  the  millimeter 
lines  coincide  with  those  of  the  standard.  They  occasionally  get 
out  of  adjustment. 

Check  the  instrument  occasionally  with  a  standard  test  block 
of  known  hardness.  This  should  always  be  done  when  a  new  ball 
is  used  as  they  do  not  always  seat  properly  in  the  plunger. 

Rockwell   Hardness  Testing 

The  Rockwell  test  is  a  modification  of  the  Brinell.  It  con- 
sists of  pressing  a  hardened  steel  liall  one-sixteenth  of  an  inch  in 
diameter  or  a  diamond  cone,  of  120  degrees  angle,  into  the  piece 
to  be  tested  and  measuring  the  depth  of  depression  with  a  dial 
micrometer.  In  order  not  to  confuse  readings,  a  separate  scale  is 
provided  for  the  ball  and  diamond  depression.  The  standard  pres-, 
sure  applied  for  the  maximum  load  is  150  kilograms  when  using 
the  diamond  cone  and  100  kilograms  when  using  the  steel  ball. 
The  operating  principle  of  the  Rockwell  machine  is  diiTerent  from 
the  Brinell  in  that  the  total  depth  of  depression  from  the  surface 
is  not  measured.  In  making  a  Rockwell  test,  a  minor  load  of  10 
kilograms,  regulated  by  a  spring,  is  first  applied,  the  micrometer 
dial  is  set  at  zero,  and  then  the  major  load  is  applied.  Upon 
releasing  the  major  load,  the  depth  of  depression  caused  by  the 
major  load  only  is  indicated  on  the  micrometer  dial.  This  reactinjv 
is  taken  as  the  degree  of  hardness.  The  Rockwell  test  has  a  sjjecial 
field  in  that  it  can  be  used  for  testing  much  thinner  sections  than 
the  Brinell  and  it  does  not  spoil  the  finish  of  the  article  tested, 
except  on  very  highly  polished  work,  but  like  tlie  Brinell  it  has 
its   limitation    in    that   it   cannot   be   used    for  testing   thin    sections 
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Pig.   3 Comparison  of  Steel   Ball  and   Diamond  Cone  Rockwell   Readings. 


that  are  brittle  or  those  that  cannot  stand  a  i)ermanent  deformation. 
For  testing  very  hard  articles  such  as  hardened  high-speed 
steel,  milling  cutters,  etc.,  the  diamond  cone  has  a  very  useful 
field  as  it  will  not  deform  and  give  inaccurate  readings.  Steel  halls 
give  much  trouble  in  testing  high  tempered  articles  owing  to  their 
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tendency  to  break  and  delorni  under  pressure  and,  it  used,  should 
be  tested  against  a  standard  specimen  at  frequent  intervals.  When 
testing  annealed  and  low  tempered  articles,  the  steel  ball  is  pre- 
ferred as  it  gives  accurate  results,  it  is  less  liable  to  break,  and  the 
scale  has  a  wider  range.  Fig.  3  shows  a  comparison  curve  of 
steel  ball  and  diamond  cone  Rockwell  readings. 

Since  the  Rockwell  is  an  indentation  test,  the  same  factors  that 
were  discussed  under  Brinell  testing,  such  as  the  rate  of  application 
of  the  major  load  and  the  length  of  time  the  load  is  applied,  will 
influence  the  results.  The  rate  of  application  can  be  varied  by  ad- 
justing the  strength  of  the  major  load  spring.  For  accurate  re- 
sults, the  time  for  applying  the  full  load  should  not  be  less  than 
five  seconds,  but  if  the  test  is  made  to  roughly  sort  articles  accord- 
ing to  their  hardness,  the  time  may  be  lessened. 

It  must  be  clearly  kept  in  mind  that  the  Rockwell  machine 
will  test  on  a  comparison  basis.  No  factor  or  formula  can  be  used 
that  will  convert  hardness  numbers  obtained  from  one  type  of  test- 
ing machine  to  that  of  another  for  articles  of  diliferent  compositions. 
If  it  is  desired  to  convert  Rockwell  to  Brinell  or  scleroscope  terms, 
the  best  plan  is  to  prepare  a  series  of  test  pieces  of  the  same  gauge 
and  finish  that  range  from,  hard  to  anneal,  in  temper,  take  readings 
with  the  different  testing  machines  and  plot  a  curve  that  will  show 
a  direct  comparison  of  the  readings.  A  comparison  curve  for 
straight  carbon  steel  containing  1.00  per  cent  carbon,  7  gauge,  is 
shown  in  Fig.  4. 

Surface  defects,  such  as  scale  or  decarburized  surface,  do  not 
aft'ect  the  readings  if  they  are  not  deep  as  the  minor  load  over- 
comes their  resistance,  but  if  the  thickness  of  scale  or  decarburized 
surface  is  excessive,  the  results  will  be  misleading.  If  accurate 
readings  of  unknown  samples  are  to  be  taken,  it  is  a  good  plan 
U)  grind  the  surface  before  testing.  Rockwell  readings  are  not 
influenced  by  the  smoothness  or  finish  of  the  articles  tested.  You 
may  confidently  expect  to  obtain  the  same  readings  from  polished 
articles  that  you  get  when  testing  them  after  they  have  been  hard- 
ened and  tempered.     The  results  of  a  test  made  to  show  the  influ- 
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ciice  ut  grinding  and  glazing  on  hardened  and  lein[jered  pieces  <»1 
0.90  per  cent  carbon  steel,  0.045  inches  thick  is  as  follows: 

Readings   were   taken   with   a  steel   ball. 
Sample        Hardened  Rough 


Number 

and 
Tempered 

Ground 

(Wet  Sandstone) 

Glazed 
(No.  100  Emery) 

Glazed 
(Flour  Emei 

1 

2 
I'.'.'.'.'.'. 

4 

5 

6 

116     —117 

116     —117 

116 

115  —117 

116  —117 
115     —117 

116     —117 
116     —117 

115  —116.5 
116.5—117 

116  —117 
116     —117 

116     —11" 

116 
115     —11" 

115  —117 
116.5—117 

116  —117 

116     —117 
116     —117 
116     —117 

117 

117 
115.5—117 

Special  care  should  be  taken  in  testing  that  the  specimens  are 
properly  supported  and  horizontal.  When  the  piece  is  large,  the 
overhang  should  be  supported  in  such  a  manner  that  it  will  not 
be  raised  or  depressed  when  the  major  load  is  applied.  Improper 
support  of  the  pieces  to  be  tested  and  the  use  of  improper  anvils 
are  two  of  the  greatest  sources  of  errors  in  Rockwell  testing. 

After  changing  penetrators  or  anvils,  readings  should  always 
be  taken  on  a  standard  test  piece  until  uniform  and  standard  re- 
sults are  obtained,  as  the  first  few  readings  are  unreliable.  This 
is  because  it  requires  pressure  for  the  penetrator.  anvil  and  chuck 
to  seat  themselves  proi^erly. 

ScLEROScoPE  Hardness  Testing 

The  scleroscope,  as  invented  b\'  Shore,  measures  the  height 
of  rebound  of  a  standard  weight  when  allowed  to  fall  from  a  given 
height  upon  the  article  to  be  tested.  When  a  very  hard  substance, 
like  a  hardened  steel  ball  or  a  diamond  pointed  hammer  is  allowed 
to  fall  on  a  horizontal  surface,  the  height  of  rebound  in  propor- 
tional to  the  resilience  of  the  article  on  which  the  hard  substance 
falls.  If  the  article  to  be  tested  is  very  hard,  very  little  of  the 
energy  produced  by  falling  weight  will  be  dissipated  by  indentation 
and  the  energy  will  be  almost  entirely  expended  on  the  rebound. 
However,  if  the  article  to  be  tested  is  quite  .soft,  considerable  of 
the  falling  energy  will  be  consumed  in  indentation. 

The  falling  weight  of  the  scleroscope  is  a  steel  cylinder  one- 
fourth  inch  in  diameter  by  three-fourths  of  an  inch  long.  It  has 
a  diamond  striking  point  about  0.020  of  an  inch  in  diameter,  whic'n 
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Fig.    4 — Brinell,    Rockwell    and    scleroscope    Comparison    Curves    for    a    1.00    Per    Cent 
Carbon    Steel. 

is  slightly  spherical  and  blunt  in  shape.  This  weight  is  allowed 
to  fall  by  gravity  from  a  height  of  ten  inches  through  a  vertical 
glass  tube  on  the  article  to  be  tested.  The  degree  of  hardness  is 
measured  by  the  highest  point  reached  by  the  top  of  the  weight  on 
the  rebound  and  is  measured  against  a  graduated  scale  in  back  of 
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the  glass  tube.  The  scleroscope  does  not  spoil  the  finish  of  article 
to  be  tested,  it  can  be  used  on  very  thin  sections  and  by  holding 
in  the  hand  or  supported  on  a  movable  arm  is  applicable  for  testing 
very  large  sections. 

The  scleroscope  will  give  comparative  results  only  when  testing 
articles  of  like  composition  under  like  conditions.  This  point  can- 
not be  made  too  emphatic.  By  like  conditions,  we  mean  the  same 
gauge  or  thickness  and  the  same  surface  conditions  as  rough, 
ground  or  polished.  If  a  comparison  test  is  made  between  Rock- 
well and  scleroscope  readings  on  a  number  of  thin  and  heavy  test 
pieces  all  having  the  same  Rockwell  degree  of  hardness,  the  thin 
pieces  will  give  a  higher  scleroscopic  reading  than  the  heavy  pieces. 
This  is  illustrated  by  comparison  curves  Fig.  3.  of  Rockwell  and 
scleroscope  readings  for  different  gauges. 

The  effect  of  different  surface  conditions  on  scleroscope  read- 
ings may  be  shown  by  testing  pieces  of  hardened  steel  after  tem- 
pering and  after  receiving  different  degrees  of  grinding  and  polish- 
ing. The  results  of  such  a  test  on  0.90  per  cent  carbon  steel,  0.045 
gauge,  are  given  in  the  following  tabulation : 


Sample             Hardened  t?         Rough  Fine  Ground  Rough  Fine     Polish 

Number             Tempered          Ground  Fine  Polish  Polish 

Coarse 

Wet  Wet  No.  100  Flour 

Sandstone  Sandstone  Emery  Emery 

1 67—69           68—70  74—75  75—78  78—81 

2 69—71            73—75  75—78  75—77  79—81 

3 68—70           74—78  75—78  78—82  79—81 

4 68—70           73—76  76—79  78—80  79—81 

5 69—71           74—76  75—78  77—81  79—81 

6 68—70           73—75  76—78  78—81  78—8! 


From  the  above  results  it  is  evident  that  it  is  impossible  to 
compare  the  hardness  of  a  rough  ground  piece  with  one  having  a 
highly  polished  surface  and  it  emphasizes  the  fact  that  the  sclero- 
scope can  only  be  used  to  compare  like  articles  under  like  condi- 
tions. 

Probably  the  greatest  objection  to  the  scleroscope  is  that  the 
readings  obtained  from  one  instrument  will  not  always  check  read- 
ings  made   by   other   machines   on   the   same   test   piece.      This   has 
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Fig.    5 — Comparison   'Curves    of    Rockwell    Steel    Ball    and    Scleroscope    Tests    of    Four 
Different  Gauges  of  Metal. 


l)een  proven  not  only  by  checking  readings  of  instruments  that 
were  in  service  for  several  months  but  also  by  checking  new 
instruments  and  those  returned  to  the  manufacturers  for  repairs 
and  recalibration.  It  frequently  happens  that  two  instruments 
will  check  on  part  of  the  scale  but  not  throughout  their'  entire 
lengths.     \\'hen   several   instruments   are   in   use.  it  is   desirable   to 
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select  one  for  a  plant  standard  and  adjust  all  the  others  to  agree 
with  it.  If  an  instrument  is  used  to  test  a  single  class  of  work 
where  the  readings  do  not  vary  more  than  ten  points,  as  for 
example  50  to  60,  the  instrument  should  be  adjusted  to  check  the 
standard  in  that  range.  The  author  has  often  felt  that  it  would 
be  quite  an  improvement  in  construction  if  the  scale  could  be 
adjusted  without  removing  the  glass  tube  as  adjustments  could 
be  easily  and  quickly  made  and  the  dangers  of  breaking  and  not 
reseating  the  tube  properly  would   ])e   eliminated. 

As  the  hammer  is  permitted  to  fall  freely,  care  should  be  ex- 
ercised to  keep  friction  between  the  hammer  and  the  tube  reduced 
to  a  minimum.  This  may  be  done  by  keeping  the  tube  in  a  verti- 
cal position  by  means  of  the  leveling  screws  and  by  frequently 
cleaning  the  inside  of  the  tube  and  the  hammer  with  chamois. 
When  tire  scleroscope  is  used  in  a  heat  treating  department  or 
where  the  air  is  contaminated  with  smoke  and  oil  fumes,  the  soot 
and  oil  adheres  to  the  inside  of  the  tube  which  causes  friction  and 
low  readings.  Also  when  the  instrument  is  located  in  or  near  a 
chemical  laboratory,  the  acid  fumes  will  corrode  the  hammer.  In 
replacing  the  top  after  cleaning,  be  sure  that  it  is  firmly  seated  m 
the  proper  position  or  the  height  of  drop  will  be  changed  and  the 
instrument  will  give  wrong  readings.  In  all  cases,  it  is  a  good 
plan  to  keep  the  instrument  covered  when  not  in  use. 

The  Brinell,  Rockwell  and  scleroscope  are  all  valuable  hard- 
ness-testing machines,  each  having  their  own  particular  fields  and 
limitations.  The  service  which  they  will  render  depends  upon  the 
judgment  and  care  of  the  operator  in  their  operation  and  main- 
tenance. It  is  hoped  that  this  paper  will  prove  an  aid  in  securing 
consistent  and  interchangeable  results  and  that  it  will  supply  an  an- 
swer to  the  frequent  question,  "What  is  wrong  with  our  hardness- 
testing  machines?"' 
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MAGNETIC  INDICATIONS  OF  HARDNESS  AND  BRIT- 

TLENESS 

By  A.   V.   de  Forest 

HARDNESS  tests  owe  their  particular  usefulness  to  the  fact 
that  they  constitute  the  most  generally  known  nondestructive 
method  of  judging  the  suitability  of  a  metal.  Furthermore  they 
may  be  applied  to  any  specimen  with  but  little  limitation  from 
its  size  or  shape,  and  are,  therefore,  applicable  to  finished  prod- 
ucts. In  general,  the  other  mechanical  tests  are  limited  to  test 
pieces  which  are  assumed  to  represent  the  actual  material  under 
study. 

Particularly  in  heat  treated  steel,  where  the  effect  of  shape 
and  mass  is  relatively  large,  the  logic  of  a  vicarious  test  is  fre- 
quently at  fault. 

Magnetic  testing  has  frequently  been  proposed  as  a  means 
of  doing  all  this,  and  I  shall  here  describe  some  recent  develop- 
ments along  this  line  of  investigation.  The  application  of  a 
form  of  this  test  as  an  inspection  method  has  l)een  described  in 
a  recent  paper.^  The  use  of  this  apparatus  as  an  elaboration 
of  the  customary  hardness  test  may  properly  be  considered  in 
this   symposium  on  hardness  testing. 

It  may  seem  superfluous  to  remark  that  testing  of  any  kind 
should  decide  upon  the  suitability  of  the  material  for  its  in- 
tended purpose.  Nearly  always  this  means  that  it  must  have 
a  certain  proportion  of  mutually  antagonistic  qualities,  such  as 
strength  and  elongation,  toughness  and  brittleness.  The  best 
relationship  between  these  qualities  is  different  for  dift'erent  com- 
l)ositions  of  steel,  and  frequently  dift'erent  for  different  heat  treat- 
ments of  the  same  steel.  It  can  usually  be  determined  only  by 
a  service  test,  or  a  laboratory  test  which  simulates  service  con- 
ditions. 

The     customarv     ])rocedure     in     selecting     a     >teel     and     heat 
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A  paper  to  be  presented  at  tbe  Synipobiuni  on  Hardness  Testine:. 
annual  convention  of  the  Society.  Pittsburgh.  October  8-12.  1923. 
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Irc'.-iling  it  for  a  particular  purpoM'  inii^lit  1)i-  (uitliiicd  in  xunc 
detail  ill  order  to  l)riii|L(  out  the  part  pla\(,'d  1)\  a  hardness  test. 
Suppose  for  example  we  lake  a  drill  to  be  used  on  mild  steel. 
To  simplify  matters  we  assume  a  fixed  speed  and  feed.  With 
any  particular  steel,  for  instance  a  sim])le  0.90  ])er  cent  carbon, 
we  could  quench  from  a  suitable  temperature  above  the  critical 
range,  draw  to  various  temjjeratures  and  run  cutting  tests.  From 
these  we  could  .select  the  best  heat  treatment  and  make  hard- 
ness tests  to  correspond.  A  hardness  figure  would  then  rep- 
resent a  particular  state  of  the  steel,  known  to  give  suitable  re- 
sults but  under  the  conditions  of  the  test  only.  Under  these 
conditions  the  hardness  will  be  a  function  of  the  drawing  tem- 
perature. If  the  character  of  the  steel  is  changed  or  even  the 
temperature  of  quench,  or  rate  of  cooling  in  the  quenching  bath, 
the  hardness  figure  would  be  ambiguous,  and  perhaps  mislead- 
ing. It  is  within  the  experience  of  nearly  all  of  us  that  two  speci- 
mens of  the  same  composition  may  be  equally  hard,  yet  one  may  be 
more  brittle,  in  the  sense  of  resisting  impact,  than  other.  A 
single  magnetic  reading  can  easily  be  made  which  will  give  a 
figure  to  be  used  in  the  same  way  as  the  hardness  test 
in   this    instance. 

An  additional  hardness  test  might  be  placed  after  the  quench 
and  before  the  draw.  Here,  if  the  temperature  before  quench 
and  the  rate  of  cooling  be  assumed  constant,  a  figure  can  be  made 
to  indicate  whether  the  character  of  the  steel  or  the  quench- 
ing operation  is  properly  carried  out.  A  combination  of  changes 
can,  however,  obscure  a  defect  in  either  or  both.  Unfortunately 
in  this  case  there  can  exist  great  differences  in  the  brittleness  of 
the  quenched  steel,  with   but  little   indication   in   the  hardness. 

One  more  step  can  be  taken.  -The  steel  may  be  normalized, 
and  the  hardness  measured.  Here,  some  unsatisfactory  stock 
could  be  eliminated,  but  again  the  hardness  does  not  greatly  depend 
on  the  factors  in  composition  which  make  for  or  against  a  suc- 
cessful tool. 

Suppose  for  a  moment  that  a  brittleness  test  were  available. 
Something  like  a  shock  test  only  nondestructive  and  applicable  to 
the  material  in  its  own  shape  instead  of  to  a  notched  or  pre- 
pared specimen.  This  test  would  depend  ui)on  other  combinations 
of  the  qualities   of  the  steel   than   those   influencing   the   hardness. 
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With  this  and  the  hardnt-ss  test  at  hand  let  ns  consider  the  same 
problem.  Roughly  speaking,  this  drill  represents  the  possibility  of 
trouble  at  four  points.  (1)  In  the  composition  or  state  of  the 
steel  before  heat  treatment.  (2)  in  the  temperature  and  time 
of  the  heat  for  quenching,  (3)  in  the  quench,  (4)  in  the 
drawing  operation.  A  test  of  the  finished  tool  would  show 
both  the  main  factors  necessary  for  a  good  tool ;  hardness  with  the 
greatest  available  toughness  which  heat  treatment  is  capable  of 
developing  in  that  steel.  The  double  test  would  show  whether 
the  tool  were  good,  and  if  bad,  perhaps  to  some  extent  why.  It 
could  not,  however,  show  which  of  all  four  factors  or  com- 
l)ination  of  them  was  at  fault.  If  the  double  test  were  applied 
after  quench  and  before  draw,  we  would  know  whether  all  were 
up  to  this  point  and  if  wrong  there  might  be  a  characteristic  in- 
dication in  the  hardness-brittleness  ratio  of  where  the  trouble 
lies.  A  similar  test  on  the  raw  material  would  indicate  anything 
unusual    in    either    factor,    composition    or    physical    state. 

The  magnetic  method  has  not  as  yet  developed  such  delightful 
possibilities  as  outlined  above,  but  under  suitable  conditions  can 
be  used  in  the  same  way,  and  with  similar  results.  It  has  the 
great  advantage  of  speed.  Feeding  the  material  to  the  tester  is 
the  only  limit,  for  the  reading  can  be  made  as  rapidly  as  a 
small  mirror  can  swing  a  beam  of  light,  and  both  "hardness"  and 
''brittleness"  tests  can  be  carried  out  simultaneously.  It  fortunately 
happens  that  diiiferent  magnetic  properties  of  a  steel  are  in- 
fluenced in  different  proportions  by  different  groups  of  physical 
properties.  For  this  reason  a  reading  can  be  made  of  a 
magnetic  property  which  is  mainly  dependent  on  the  same  factors 
which  determine  hardness.  This  is  a  relatively  simple  measure- 
ment and  can  be  easily  carried  out  in  numberless  different  ways. 
If,  however,  another  group  of  magnetic  qualities  is  measured  in 
a  suitable  way,  a  reading  can  be  made  which  depends  very  little 
on  the  hardness  as  affected  by  drawing  temperature,  but  is 
greatly  influenced  by  internal  stress  and  grain  size. 

These  are  the  very  factors  which  are  probably  the  most 
important  in  determining  brittleness  or  its  opposite,  toughness. 
Moreover,  one  of  these,  namely  internal  stress,  is  exceedingly  dif- 
ficult to  measure  or  even  estimate  by  any  test  we-  have.  Its 
influence  on  .shock  tests  is  certainly  large ;  on  fatigue  tests  it  may  in 
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theory  have  anything  from  an  overpoweringly  bad  to  a  mildly 
beneficial  effect.  This  magnetic  measurement  may  then  be  treated 
in  the  same  manner  as  our  hypothetic  brittleness  test  to  use  in 
conjunction  with  the  mechanical  test  for  hardness. 

The  effect  of  internal  stress  on  shock  and  fatigue  tests  is  illus- 
trated in  a  rough  way  from  the  following  experiments.  Using  a 
delicate  recording  dilatometer  which  could  follow  the  volume 
changes  in  steel  during  quenching  operations.  Matsushita-  showe'l 
that  by  rapidly  cooling  a  0.9  per  cent  carbon  steel  the  austenite- 
martensite  transformation  could  be  depressed  nearly  to  the  tem- 
perature of  the  quenching  medium.  With  the  help  of  this  in- 
strument the  steel  could  be  withdrawn  from  the  quench  be- 
fore the  transformation  had  begun,  but  after  it  had  been  depressed 
below  the  temperature  at  which  martensite  is  unstable.  In  this 
way  the  great  change  in  volume  from  austenite  to  martensite  re- 
sponsible for  most  of  the  highly  stressed  conditions  could  be 
completed  slowly  in  air  instead  of  rapidly  as  is  ordinarily  the 
case  in  water  quenching.  In  one  case  this  transformation  was 
delayed  from  the  normal  quenching  rate  of  20  seconds  to  45 
minutes  with  a  slight  difference  in  hardness  in  favor  of  the  slow 
transformation.  Any  rate  of  cooling  which  depressed  the  trans- 
formation below  300  degrees  Cent,  yielded  martensite  of  about 
the  same  hardness.  Shock  test,  however,  showed  a  very  great 
difference  in  favor  of  this  step  method  of  quench,  as  Honda  calls 
it.  This  merely  provides  figures  to  show  the  extent  of  the  possible 
benefit  which  all  good  heat  treaters  know  is  derived  from  with- 
drawing any  steel  from  the  quenching  bath  before  it  is  cold.  The 
improvement  is  clearly  to  be  ascribed  to  the  lowering  of  internal 
stresses  due  to  the  delayed  and  gradual  volume  change. 

The  eff'ect  of  internal  stress  on  fatigue  is  somewhat  more 
difticult  to  illustrate.  It  has,  however,  been  observed  by  many 
experimenters  that  the  fatigue  limits  of  steel  can  be  raised  in  some 
cases  20  per  cent  by  slowly  increasing  the  alternating  load.  This 
can  most  readily  be  explained  on  the  basis  of  Jenkins3  model 
as  the  improvement  due  to  wiping  out  the  internal  stres.ses  acting 
between  different  elements  of  the  test  specimen.    . 

The  magnetic  relationships  of  all  these  varying  properties  ha\c 

(2)     'Matsusliita,    Journal,   lion   .and   Steel    Institute,    May    nieetinff.    Ifl'J::. 
(:?)      Jcnkin,   Enitinccrimj    CT.ondon),   Vol.    114,  (infre  003,  Nov.    17,    IO-;-> 
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not  been  fully  explored.  A  few  of  the  simpler  ones  were  illus- 
trated in  the  paper  on  my  apparatus  previously  mentioned.  There 
the  magnetic  effects  of  dift'erent  elements  of  a  heat  treat- 
ment on  several  steels  is  shown.  For  instance  in  the  case  of  high- 
speed steel  the  diagram  of  Fig.  1  was  worked  out.  The 
"hardness"  and  "brittleness"  magnetic   measurements   were  plotted 
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Fig.  1 — Plot  of  Magnetic  Data  fruiii  18  per  cent  Tungsten  Higli-Speed 
.Steel,  Showing  Effects  of  Quenching  and  Drawing.  Specimens  ^  x  f^  x  3 
inches. 


respectively  along  two  axes  at  right  angles  to  each  other  and 
marked  X-axis  and  Y-axis  and  these  factors  are  expressed  in 
terms  of  quenching  and  drawing  temperatures.  The  full  lines 
connect  the  readings  of  specimens  having  equal  quenching  temper- 
atures, and  the  dotted  lines  connect  those  of  equal  draw.  Figures 
on  Rockwell  hardness  are  also  given  and  illu.strate  how  impossible 
it  is  to  determine  two  factors  in  terms  of  a  single  measurement. 
With    the   help   of    such    -a    diagram    to   assist    in    the    choice   of    a 
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particular  heat  treatment  for  a  special  purpose,  the  time  spent 
in  service  tests  can  he  greatly  reduced. 

One  of  the  outstanding  results  of  work  so  far  is  the  great 
variation  encountered  in  heat  treated  specimens  even  when 
made  from  the  same  bar  of  stock.  If  a  group  of  ten  pieces  is 
hardened,  say  from  750  degrees  Cent.,  another  from  800  degrees 
Cent.,  in.stead  of  these  forming  two  groups,  they  will  almost 
invariably  form  nearly  a  continuous  series  from  one  minimum  to 
one  maximum  specimen.  From  this  series  samples  can  be  selected 
for  test  to  show  the  differences  to  l)e  regularly  expected.  Con- 
versely, the  differences  between  different  specimens  of  the  same 
stock  and  supposedly  the  same  heat  treatment  give  a  logical 
measure  for  the  improvement  of  the  whole  heat  treating  process. 

Magnetic  tests  can  be  applied  to  the  raw  material  from 
which  tools  are  made  and  determine  its  suitability  of  structure  and 
physical  state.  Bars  unsuited  for  machining  can  be  di.scarded 
or  retreated.  Tests  on  the  finished  product  can  prove  the  ac- 
ceptability of  the  tool,  and  indicate  what  step  is  at  fault  in  the 
heat  treatment.  As  in  the  case  of  the  analogous  mechanical  tests 
however,  differences  of  size  or  material  will  produce  results  which 
cannot  be  interpreted  without  reference  to  service  tests.  This 
means  that  after  the  "testing  apparatus  is  at  hand,  a  period 
of  investigation  is  needed  to  interpret  the  findings  into  terms 
of  service.  This  investigation  is  never  complete  but  should  always 
be  in  process  of  continuous  growth  toward  the  development  of 
better  results.  I  look  forward  to  the  help  that  such  methods  may 
give  to  the  improvement  of  steel  on  the  one  hand  and  its  heat 
treatment  on  the  other. 


r/M.V.S.K  T/O.V.S    <il- 
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THE  HARDNESS  OF  "COMMON  HIGH"  SHEET  BRASS 
By  Alvan   L.   Davis 

B\  THE  above  name  is  meant  the  usual  rolled  sheet  brass 
of  commerce,  corresponding  to  an  approximate  composition 
of  66  per  cent  copper.  331/2  P^r  cent  zinc,  and  ^  per  cent  lead,  iron 
and  other  impurities  combined.  Such  brass  may  be  purchased  in 
sheet  form  annealed  to  various  degrees  such  as  "light  anneal," 
"drawing  anneal."  and  "soft  drawing  anneal."  It  may  also  be  ob- 
tained in  various  "tempers."  which  tempers  are  due  to  reductions  in 
thickness  by  cold  rolling,  as  indicated  in  the  following  schedule : 
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Quarter  Hard. 

Half  Hard.. 

Hard 

Extra  Hard. 
Spring 


eduction,  B. 
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6— No. 

50 
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61 

The  object  of  this  paper  is  to  set  forth  briefly  the  average 
hardness,  as  determined  by  various  methods,  and  also  the  range  in 
hardness,  to  be  expected  in  annealed  and  in  hard-rolled  sheet  brass 
of  the  various  tempers  mentioned  above.  The  data  hereinafter  pre- 
sented has.  in  large  part,  been  compiled  from  the  published  re- 
searches of :  Price  &  Davidson^  Mathewson  &  Phillipps",  Phillipps 
&  Gerner^,  C.  H.  Davis*,  Bassett  &  Davis'. 

Also  certain  unpublished  work  coming  under  the  review  of 
the  author  has  been  available. 


1.  Physical   Tests   on    Common    High   Brass,    American    Institute    of    Metals,    Septem- 
ber,   1916. 

2.  Recr.vstallization  of  Cold  Worked  Alpha   Brass  on  Annealing,    Trtuixacfionx.   Anieriean 
Institute   of   Mining    and    Metallurgical    Engineers,    February,    1916. 

.3.     Chemical  and  Metallurgical  Engineering,  June,    1919,   page  622. 
4.     Proceedings  of  American  Society  for  Testing  Materials,   1917,   page   164. 
-■>.      Comparison  of  Grain  Size  and  Brinell  Hardness  of  Brass,  Tramaclionf,  .American  Institute 
of  Mining;  and  Metallurgical   Knginoers,  page  428,   \ol.   L.V.   1919. 


A  paper  to  he  pre*.ented  al  tlic  Symposium  oh  Hardness  Testing, 
annual  convention  *  of  the  Society,  Pittsburgh,  October  8-12,  1923. 
Tlie  author.  A.  L.  Davis,  is  metallurgist.  Scovill  Manufacturing  Co.. 
\\';it(rl)iny,    Conn.      Written    discussion    of    this    papc-r    i>    invited. 
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Tlie  liardiiess  ut  brass  is  not  developed  in  the  same  way  as  is 
generally  the  case  with  steel.  The  hardness  of  brass,  of  a  given 
composition,  is  due  to  cold  work,  together  with  the  greater  or 
less  degree  to  which  such  work  has  been  relieved  l)y  annealing.  In 
annealed  brass  its  previous  history  as  to  annealings,  and  as  to 
the  stages  and  amounts  of  cold  rolling,  exerts  a  notable  influence 
on  the  resulting  hardness.   In  hard-rolled  brass  the  hardening  effect  of 


Table  I 

Variation  in  Hardness  Tests,  Made  Upon  a  Single  Homogeneous  Sample 

Type  of   i'est  +    Variation   in 

—     Percent  I'oints 

1.  Erichsen  cup  test^depth  of  cup 12^  .... 

2.  Shore  test  with  universal  hammer 5  1 

3.  Shore  test  with  magnifier  hammer 5  2 

4.  Rockwell  test 4  3 

5.  Brinell  test 3  3 

6.  Tensile  test — ultimate  strength 2^  1000  pound 

7.  Tensile  test — elastic  limit 2J^  1000  pound 

8.  Erichsen  test — pressure  per  m.m 2}^  .... 

depth  of  cup  at  point  of  rupture. 


rolling  varies  slightly  according  to  the  absolute  thickness  of  the 
bar,  as  well  as  according  to  the  manner  of  reduction — that  is, 
whether  a  given  percentage  reduction  is  made  in  a  single  pass,  or 
in  several  lighter  passes.  These  differences  appear  in  all  the  various 
hardness  tests.  Thus,  brass  of  identical  composition  may  show 
quite  a  range  of  hardness  corresponding  to  a  given  temper,  or 
corresponding  to  a  specified  anneal. 

The  reliability  of  any  test  depends  upon  the  care  taken  in  pre- 
paring the  specimens,  and  in  conducting  the  test.  When  all  due 
care  is  taken  there  will  still  be  a  certain  variation  between  succes- 
sive tests  on  the  same  material,  which  is  due  to  the  machine  used, 
and  also  to  causes  inherent  in  the  test  itself.  This  liability  to  vari- 
ation may  be  expressed  in  form  of  a  percentage  of  the  mean  of 
many  tests.  It  may  also  be  expressed  in  "points"  on  the  arbi- 
trary scale  used  for  any  given  test.  In  Table  I.  the  attempt  is 
made  to  indicate  approximately  this  variation,  expressed  in  percent- 
age, and  in  some  cases  in  points  on  the  individual  scales  of  hard- 
ness.    In  cases  where  it  is  expressed  in  both  forms  it  is  to  be  un- 
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flcrstond  that  w  liiclicvcr  is  the  ,1,'^reater.  at  any  ^'ivrn  ]Miiiit  mi  the 
seale.  is  the  variation  to  be  expected. 

It  we  now  introduce  a  further  source  of  variation,  hy  testing 
different  specimens,  of  various  manufacture,  but  purjxjrting  to  be 
all  the  same,  the  variations  given  al)Ove  will  be  considerably  in- 
creased, a-s  will  be  seen  in  Table  II. 

Keeping  in  mind  the  above  liability  to  variation,  it  is  now 
proper  to  consider  mean  values   of  hardness  corresponding  to  the 


Table  II 
Variation  in  Hardness  Tests,  Made  Upon  Samples  of  Different  Manufacture 


Type  of  Test 


1.  Erichsen  cup  test — depth  of  cup.  .  .  . 

2.  Shore  test  with  universal  hammer. . . 

3.  Shore  test  with  magnifier  hammer.  . 

4.  Rockwell  test 

5.  Brinell  test 

6.  Tensile  test — ultimate  strength 

7.  Tensile  test — elastic  limit 

8.  Erichsen  test — pressure  per  m.m..  .  . 

depth  of  cup  at  point  of  rupture. 


+    Variation 

in 

—   Percent 

P 

oints 

20 
12^ 
123^ 
11 
9 

-y2 

3000 

"l 
4 
6 
6 
pounds 

iy<i 

per 
2500 

sq.   in. 
pounds 

iVi 


per  sq.   in. 


Table  III 

Mean  Hardness  of  Sheet  Brass  of  Commerce 

Condition            Per        Shore      Shore     Rock-  Brin-  Ten.  Tensile 

cent       Univ.      Mag.        well  nell  Ult.  Elastic 

Reduc-                                   "B"  500  Str.  Limit 

tion  Scale  K.G. 

-Annealed...       0              10            19          20              54  46,000  11,000 

K  Hard II            18           35         44             82  52,500  30,000 

1^  Hard 31            24           46         62             106  59,000  46,000 

Hard 37           30           54         75              137  72,000  66,000 

Ex.  Hard....       50           },i           60         82              154  84,500  79,000 

Spring 61            35           63         843^         162  92,000  88,000 


Pounds 
Pressure 
per  mm. 
depth  of 
cup 
314 

398 
495 
528 


different  tempers  of  sheet  brass.  These  mean  values  are  set  forth 
in  Table  III  and  shown  in  Fig.  1. 

The  following  notes  on  various  methods  of  testing  are  of  in- 
terest : 

Erichsen  cup  test. — The  ordinary  Erichsen  cup  test  gives 
an   indication   of    the   drawing   quality   of    metal   of   a   given   gage. 
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Per  Cent    Redact /on   by  Cold  Rolling 
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The  thicker  the  sheet  the  deeper  the  cu]i.  The  only  ohjection  to 
the  test  is  its  liahiHty  to  lar<;:e  variation.  A  nioditication  oi  the 
Erichsen  cu])  test  is.  however,  of  vahie.  \\\  measnrin<(  the  pres- 
sure required  to  (h'aw  the  cup.  aufl  ex])ressins]^  it  as  so  much  per 
mm.  (lejith  of  cu]).  we  .ujet  a  seemingly  accurate  and  sensitive 
measure  of  the  work  hardness  of  sheet  hrass ;  also,  he  it  remarked. 
of     sheet    steel.      Xaturally   the   pressure    varies    with    the   .u:aj]^e   of 


TRANSACTIOXS   OF 

352  AMERICAN  SOCIETY  FOR   STEEL    TREATING     September 

the  metal  tested,  but  for  a  given  gage  the  pressure  j^er  mm. 
depth  of  cup  appears  to  be  ahiiost  exactly  proportional  to  the 
percentage  reduction  of  the  metal  in  cold  rolling  as  will  be  seen 
from  Fig.  1. 

The  Shore  test  is  one  very  frequently  used  on  account  of  its 
convenience  and  slight  expense.  It  should  be  noted  that  results 
upon  metal  less  than  0.020  inches  gage  are  not  consistent  with 
those  obtained  on  thicker  gages.  Such  results  run  low,  especially 
for  "quarter  hard"  and  "hard"  tempers. 

The  Rockwell  test  is  convenient  and  has  much  to  recommend 
its  use.  It  is  available  on  metal  considerably  thinner  than  may 
properly  be  tested  under  the  Brinell  machine.  However,  it  can 
not  be  used  on  exceedingly  soft  metals  where  the  Brinell  machine 
can  be  used. 

The  Brinell  test,  for  specimens  sufficiently  thick,  is  probably 
more  reliable  than  either  the  Shore  or  Rockwell,  but  the  results 
are  not  comparative  when  used  on  brass  thinner  than  0.064  inches 
annealed,  and  0.051  inches  hard  rolled,  when  500  kilograms  pres- 
sure is  applied  to  a  10  mm.  ball. 

The  tensile  test  gives  a  very  rehable  measure  of  the  degree 
of  anneal,  or  of  the  amount  of  cold  work  to  which  sheet  brass 
has  been  subjected.  The  main  objection  to  the  tensile  test  is  the 
time  and  expense  required  for  its  application.  It  should  be  noted 
that  the  yield  point  cannot  be  obtained  by  the  drop  of  the  beam 
method,    which    is    frequently   used   in   testing   steel. 
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EFFECT    OF    HEAT    TREATMENT    ON    LATHE    TOOL 
PERFORMANCE  AND   SOME   OTHER   PROPER- 
TIES  OF  HIGH-SPEED   STEELS 

By  H.  J.  French,  Jerome  Strauss  and  T.  G.  Digges 

Prefatory  Abstract 

This  report  is  concerned  with  the  time-temperature 
relation  in  the  hardening  and  tempering  of  high-speed 
steels  and  their  effects  upon  lathe  tool  performance, 
constitution  and  dimensional  changes.  Comparisons  of 
endurance  arc  also  given  at  various  cutting  speeds  of 
the  four  most  important  of  the  current  steel  types  for 
roughing  tools  and  the  relative  advantages  and  disad- 
vantages of  each  are  discussed.  In  addition  the  "Taylor" 
and  "Breakdox^'n"  tests  for  lathe  tools  are  compared  and 
some  of  the  limitations  of  the  former  are  described  in 
detail.  Finally  the  prevention  and  elimination  of  so-called 
"flaky  fractures"  in  the  heat  treatment  of  higli-speed 
steels  has  been  considered. 

The  principal  conclusions  drai^'n  from  these  tests 
may  be  summarized  as  follows: 

( 1)  The  endurance  of  high-speed  steels  is  affected 
to  a  marked  degree  by  the  high-heat  temperature  used  in 
hardening  and  rises  rapidly  with  increase  above  2200 
degrees  FaJir.  Hozi'cvcr,  a  point  is  finally  reached  ivherc 
a  further  temperature  rise  is  no  longer  attended  by  a 
commensurate  iiicrease  in  the  endurance  and  if  high 
enough  heats  are  employed,  a  decrease  will  be  observed 
coincident  with  a  partial  melting  of  the  steel.  Under 
otherwise  fixed  conditions  there  is  therefore  a  high-heat 
temperature  ivhich  results  in  maximum  endurance  but 
this  varies  with  composition.  It  is  higher  in  the  18 
per  cent  tungsten  than  in  the  13  per  cent  tungsten  steels 
and  is  raised  in  both  types  by  the  addition  of  3  to  5 
per  cent  cobalt. 

(2)  The  best  hardening  temperatures  for  the  four 
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A  paper  to  be  presented  before  the  annual  convention  of  the  So- 
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niain  types  of  hiyJi-spccd  steel,  to  be  used  as  lathe  tools 
under  severe  serz'iee,  are  eo)isidered  to  he  about  as 
foUozvs: 

2350  degrees  luihr.  for  /oa'  tiiiit/steii-hi(/li  x\inadium 
steel 

2400  degrees  Pahr.  for  high  tiiiigsteii-loa'  imiadium 
and  loii'  titngsten-eobalt  steels. 

2450  degrees  Fahr.  for  high  tungsten-cobalt  steel. 
These  temperatures  are  a  eoniproniise  between  sei'cral 
faetors  ineluding  tool  endurance  and  brittloiess. 

(3)  The  endurance  of  high-speed  steels  is  like- 
-u'ise  dependent  upon  aiul  z^'ithin  limits,  increases  Zi'ith 
the  time  at  high  heat,  hi  tests  made  with  high  tungstcn- 
lozv-vanadium  steel,  tools  held  3  minutes  at  2280  degrees 
Fahr.  had  superior  endurance  to  those  held  50  seconds  at 
2400  degrees  Fahr.  but  7cere  not  as  good  as  tJiose  subjected 
to  the  latter  temperature  for  l>j  minutes.  Therefore,  for 
consistent  results  both  time  and  temperature  should  be 
controlled  by  suitable  instruments. 

(4)  High-speed  steels  subjected  to  the  seirre  serv- 
ice described  were  found  to  have  endurance  characteristic 
of  tlie  high  temperature  treatment  used  i)i  hardening  and 
this  z>.'as  not  modified  to  any  great  degree  by  any  subse- 
quent tempering  up  to  and  including  1100  degrees  Fahr. 
Howez'cr,  the  higher  the  tempering  temperatures  the 
tougher  did  the  steel  become.  Thus  the  most  important 
reason  for  tonpering,  in  this  case,  is  not  increased  en- 
durance but  decrease  in  brittlcness. 

(5)  Length  shrinkage  or  expansion  may  be  pro- 
duced in  hardening  a  high-speed  steel  from  a  given  tem- 
perature, if  this  is  not  too  high,  b\  varying  the  treatment 
prior  to  Jmrdening.  This  includes  both  preliminary  an- 
nealing and  the  manner  of  heating  for  hardening.  Hozv- 
ever,  the  Jiiglier  the  quenching  temperature  and  the 
time  at  higli  heat,  within  limits  ordinarily  encountered 
in  commercial  heat  treatment,  the  greater  will  be  the 
e.vpansion  or.  under  certain  co)iditions,  the  less  will  be  Ib.c 
shrinkage.  Likewise  tempering  subsequent  to  hardening 
nuiy  be  used  to  reduce  original  length  shrinkage  or  ex- 
pansion but  the  final  length  will  approximate  the  original 
only  in  certain  cases.  The  tempering  which  will  pro- 
duce this  ideal  condition  will  ixiry  widely  in  a  given  steel 
depending  upon  the  f^rei'ious  history  of  the  samples  but 
in  no  case  is  it  possible  to  completely  compensate  for 
hardening  cliunges  in   two  dimensions. 

(())      In  a  series  of  tests  on  nickel  steel  forgings  rn 
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'chich  the  cutting  speed  n'as  ivried  from  about  45  to  70 
feet  per  minuie.  high-speed  steels  containing  about  3.3 
per  cent  cobalt  had  much  greater  endurance  than  tlu 
plain  chromium-tungsten-%'anadium  steels.  Under  the 
tnost  severe  scn'ice  the  low  tungsten-cobalt  type  2<.'as 
superior  to  the  high  tungsten-cobalt  steel  but  at  the  lotc- 
est  speeds  both  had  comparable  endurance.  Comparisons 
of  the  four  steels  tested  when  based  on  the  breakdown 
test,  showed  the  following  average  order  of  superiority: 

Per  Cent 

Low   tungsten-cobalt   steel    98 

High  tungsten-cobalt  steel   90 

Loz\.'  tungsten-high  vanadium  steel    68 

High   tungsten-lo2\.'  vanadium  steel    47 

(7)  Low  tungsten  steels,  'with  or  ivithout  cobalt 
additions,  arc  more  sensitive  to  heat  treatment  than  the 
high  tungsten  types.  They  are  more  brittle  zi'hen  hard- 
ened for  maximum  endurance  but  require  loxi'er  harden- 
ing temperatures  than  do  the  corresponding  high  tu)ig- 
sten  steels.  These  features,  in  addition  to  comparisons 
of  endurance,  must  be  considered  in  selecting  steels  for 
particular  service.  No  one  type  of  high-speed  steel  meets 
all  requirements  but  each  has  its  adz'antages  and  disad- 
vantages. 

(8)  Both  the  "Breakdow)i"  and  "Taylor"  tests 
have  limitations  and  cannot  ivholly  replace  the  method 
of  using  tools  in  the  shop  to  determine  just  what  the\ 
will  do.  However,  much  wortlm'hile  information  of 
practical  value  can  be  obtained  in  relatively  short  time 
by  careful  interpretation  and  correct  application  of  re- 
sults obtained  by  either  test. 

(9)  In  normal  shop  practice  so-called  ''flaky"  steel 
)nay  be  produced  through  the  hardening  of  long  lengths 
of  lathe,  planer  and  shapcr  tools  folloiced  by  dressing 
operations  in  whwh  only  part  of  the  previously  hardened 
steel  is  heated  to  annealing  temperatures  which  would 
ordinarily  prevent  its  occurrence.  As  "flaked"  steel  is 
brittle  and  showed  a  tendency  tozvard  erratic  results  in 
lathe  tests,  its  production  is  to  be  avoided. 

(10)  Prevention  of  "flaky"  fractures  in  ordinary 
high-speed  steel  in  heat  treatment  is  much  more  simple 
than  elimination  and  may  be  accomplished  by  annealing 
betzi'eoi  successive  hardening  treatments.  In  no  case 
when  once  produced,  was  complete  elimination  effected 
by  annealing  alone  though  certain  complicated  treatments 
left    mere    traces    of    this    structure    upon    rrhardcni)i(j. 
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Hoxi'evcr,  combined  forging  and  annealing  completely 
removed  severe  "flake'  in  all  steels  tested.  In  general 
the  greater  the  reduction  in  forging  the  lower  ivas  the 
annealing  temperature  required  for  a  cure  (within 
limits). 

(11)  High  tungsten-lozsj  vanadium  steels  offered 
the  greatest  resistance  to  the  formation  of  "flake"  and 
likezuisc   to    its   elimination   ivhen    once   produced. 

I     Introduction 

In  a  previous  report^  concerned  with  some  limitations  of 
the  competitive  "lathe  breakdown  test"  and  the  endurance  of  vari- 
ous modern  high-speed  steels,  attention  was  called  to  the  wide 
variations  in  heat  treatment  recommended  by  different  manufac- 
turers for  steels  of  the  same  type  intended  for  specific  service. 
For  example,  high  heat  temperatures  from  2300  to  2500  degrees 
Fahr.  and  subsequent  tempering  from  450  to  1100  degrees  Fahr. 
were  suggested  and  used  by  various  producers  for  high  tungsten- 
low  vanadium  steels  in  two  series  of  competitive  tests.  Like- 
wise in  the  case  of  high  tungsten  steels  containing  colbalt  one  man- 
ufacturer used  a  very  high  heat  for  a  short  time  while  another  pre- 
ferred a  somewhat  lower  temperature  for  a  longer  time. 

Comparison  of  recommended  treatments  contained  in  tool  steel 
catalogs  of  many  producers  shows  as  great  if  not  a  greater  varia- 
tion and  a  search  of  the  technical  literature  reveals  many  opinions 
regarding  the  proper  time-temperature  relations  for  use  in  heat 
treatment  but  few  experimental  data  from  which  detailed  compari- 
sons can  be  made. 

The  present  tests  supplement  those  already  described-  and 
were  made  to  furnish  information  concerning  the  effects  of  such 
variables  as  high  heat  temperatures,  time  at  high  heat,  manner  of 
preheating  and  tempering  temperature  upon  the  endurance  of  the 
four  most  important  types  of  high-speed  steel,  namely,  (a)  low 
tungsten-high  vanadium,  (b)  high  tungsten-low  vanadium,  (c)  low 
tungsten-cobalt  and  (d)  high  tungsten-cobalt  steels.  In  addition 
a  study  was  made  of  the  effects  of  some  of  these  variables  upon 
dimensional  changes  in  hardening  to  throw  further  light  upon  the  dis- 


ci) H.  J.  French  and  Jerome  Strauss:  "Lathe  Breakdowii  Tests  of  Some  Modern  High- 
Speed  Tool  steels,"  Transactions,  American  Society  for  Steel  Treating,  Vol.  2,  No.  12  (Sep- 
tember,   1922),   page    1125;    Bureau   of  Standards   Technical  Paper   228. 


(2)     Refer   to    (1). 
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agreement  in  results  recently  reported  by  Grossmann  and   Spauld- 
ing3. 

There  was  also  carried  out  a  limited  study  of  the  prevention 
and  elimination  of  "flaky"  fractures  in  order  to  complete  vvliat  may 
be  characterized  as  a  general  investigation  of  the  heat  treatment 
of  high-speed  lathe  tools. 

II     Materials  and  Methods  Used 

The  chemical  compositions  of  the  several  steels  used  in  the 
tests  to  be  described  together  with  preliminary  annealing  treat- 
ments are  shown  in  Table  I.  In  the  heat  treatment  of  these  steels 
the  time-temperature  relations  in  all  operations  were  carefully  con- 
trolled and  special  precautions  taken  to  obtain  uniformity.  This 
applies  not  only  to  the  high  heats  and  subsequent  tempering  but 
to  preheating  as  well.  Gas  fired  semimufifle  furnaces  were  used 
in  all  cases  except  for  tempering  and  for  this  operation  oil  baths 
or  electrically  heated  muffles  were  employed.  All  temperatures 
were  measured  by  platinum  thermocouples  and  potentiometers  and 
stop  watches  were  used  to  control  time  at  the  high  heat. 

In  general,  preheating  was  carried  out  by  first  warming  the 
tools  and  then  introducing  them  into  a  furnace  held  at  200  degrees 
Fahr.  below  the  desired  temperature.  The  furnace  temperature 
was  then  slowly  raised  and  upon  reaching  that  desired  was  held 
constant  for  20  minutes.  In  preheating  samples  for  dimensional 
change  determinations  the  steel  was  placed  in  a  cold  furnace  which 
was  then  heated  at  less  than  18  degrees  Fahr.  per  minute  to  the 
specified  preheating  temperature. 

All  tools  had  a  cross  section  of  ^  x  i/^  inch  and  were  made 
from  bars  finished  to  this  size  in  the  mills.  They  were  ground 
to  front  and  side  clearances  of  6  degrees,  side  slope  of  14  degrees, 
back  slope  of  8  degrees  and  had  a  nose  radius  of  1/8  inch.  These 
angles  are  identical  with  those  of  the  small  tools  used  in  previous 
tests  and  the  same  precautions  were  observed  in  carrying  out  the 
experiments  as  have  already  been  described*. 

The  cutting  angle  (tool  to  surface  of  the  log)  was  90  degrees 
and  the  tool  nose  was  set  at  dead  center.     Except  as   otherwise 


(3)  M.  A.  Grossmann :  "The  Change  in  Dimensions  of  High-Speed  Steels  in  Heat 
Treatment,  Tr ansae tioiut.  American  Society  for  Steel  Treating,  Vol.  2,  No.  8  (May,  1922), 
page  691  ;   discussion  of  the  above  paper.  Vol.  2,   No.   10   (July,   1922),  page  890. 

(4)  Refer  to   (1). 
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indicated  the  tools  were  run  dry  at  70  feet  per  minute,  calculated 
at  the  bottom  of  cut,  with  a  feed  of  0.028  inch  and  a  depth  of  cut 
of  3/16  inch.  The  chemical  and  physical  properties  of  the  test 
logs  used  in  each  series  of  tests  are  shown  in  Table  II. 

Ill     Experimental  Results 

1.     J^ariatioti  in  High  Heat  Temperature   Versus  Tool  Endurance 
The  efifects  of   varying  high  heat   temperature   on  the   endur- 
ance   of    the    four    high-speed    steels    subjected    to    severe    service 


noO  2300  2400  2300 

high-  heat  temperatures  ,  (kg,F. 

Fig.  1 — Effect  of  high  heat  temperature  on  the  endurance 
of  four  high-speed  steels.  Steel  compositions  are  given  ^  in 
Table  I  and  the  properties  of  the  test  logs  in  Table  II.  The 
peak  of  the  curve  for  low  tungsten-cobalt  steel  is  dotted  as 
many  of  the  tools  quenched  from  above  2400  degrees  Fahr. 
were  still  cutting  well  and  showed  no  signs  of  failure  at  the 
end  of  60  minutes,  at  which  all  tests  were  stopped.  The  form 
of  the  curve  is  considered  correct  but  the  actual  endurance 
values     are     approximate. 

in  cutting  nickel  steel  forgings  are  shown  in  Table  III  and  re- 
produced graphically  in  Fig.  1.  Attention  is  called  to  the  fact  that 
the  various  steels  were  tested  on   four  different  sets  of  test  log-. 
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and  even  though  tliese  have  comparable  tensile  jji'operties  no  direct 
comparisons  of  cutting  time  are  justified.  The  tests  were  made 
to  show  the  relation  of  performance  to  high  heat'-  temjjerature  in 
each  steel  and  a  number  of   important   features  are  revealed. 

A  given  rise  in  quenching  temperature  above  2200  degree.s 
Fahr.  produces  a  greater  increase  in  endurance  in  low  tungsten 
steels,  with  or  without  cobalt  additions,  than  in  the  high  tungsten 
types.  In  other  words  the  slope  of  the  high  heat  temperature-en- 
durance curves  is  not  as  high  for  the  latter  types  as  for  the  form- 
er. As  already  reported"'  greater  variations  in  Brinell  and  Shore 
hardness  are  also  encountered  in  the  low  tungsten  steels  under 
varying  thermal  treatments  so  that  it  is  safe  to  say  that  these  are 
more  sensitive  to  heat  treatment  than  steels  containing  high  (  18 
per  cent)   tungsten. 

The  general  form  of  the  cunes  shown  in  Fig.  1  is  the  .same 
for  all  steels  and  shows  a  very  marked  increase  in  endurance  as 
the  high  heat  temperatures  are  raised.  However,  a  point  is  finally 
reached  where  a  further  temperature  rise  is  no  longer  attended  by 
a  commensurate  increase  in  the  endurance  and  if  high  enough 
heats  are  employed  a  decrease  will  be  observed  coincident  with  a 
partial  melting  of  the  steel. 

Under  otherwise  fixed  conditions  there  is  therefore  a  high 
heat  temperature  which  results  in  maximum  endurance,  but  this 
varies  with  composition.  It  is  higher  in  the  18  per  cent  tung- 
sten than  in  the  13  per  cent  tungsten  steels  and  is  raised  in  both 
types  by  the  addition  of  cobalt. 

Thus  for  maximum  endurance  extremely  high  temperatures 
in  the  neighborhood  of  2500  degrees  Fahr.  are  required  for  the 
high  tungsten-cobalt  steel,  intermediate  temperatures  around  2450 
degrees  Fahr.  for  the  low  tungsten-cobalt  and  high  tungsten-low 
vanadium  steels  and  the  lowest  temperature  around  2400  degrees 
Fahr.   for  the   low  tungsten-high   vanadium   steel. 

These  temperatures  are  not  recommended,  however,  for  the 
time  factor  is  of  great  importance  and  there  is  danger  of  passing 
the  "peak"  of  the  curves  shown  in  Fig.  1  by  "over-exposure"  at 
the  high  heat.  In  addition,  the  steels,  and  particularly  those  con- 
taining 13  per  cent  tungsten,  show  a  greater  degree  of  brittleness 
than  is  desirable  even  in  a  lathe  tool  where  adequate  support  can 

(.5)     Refer  to   (1). 
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he  j,n\en.  Flu'  l)(.'st  liaivlcnin^f  tc'nii)(.Talurc  is  tlicTct'oiv  a  compro- 
mise between  the  several  factors  mentioned  and  is  considered  to 
be  about  as  follows  for  lathe  tools  treated  and  used  under  condi- 
tions similar  to  those  of  the  present  tests: 

For  low  tungsten-high  vanadium  steel  about  2350  degrees  Fahr. 
For  high  tungsten-low  vanadium  steels  about  2400  degrees  Fahr. 
For  low  tungsten-cobalt  steels  about  2400  degrees  Fahr. 

For  high  tungsten-cobalt  steel  about  2450  degrees  Fahr. 

While  tiiese  tests  show  the  extreme  importance  of  high  heat 
temperatures  in  hardening  for  development  of  maximum  tool  en- 
durance they  likewise  have  a  direct  bearing  upon  selection  of 
steels  imder  given  conditions  of  service.  For  example,  the  some- 
what greater  sensitivity  to  heat  treatment  of  the  low  tungsten 
steels  and  the  fact  that  they  are  more  brittle  than  those  containing; 
18  per  cent  tungsten  means  greater  variations  in  performance  in 
shops  where  inadequate  heat  treatment  facilities  are  afforded  or 
insufficient  care  taken  in  handling  tools  and  possibly  also  greater 
tool  breakage,  though  brittleness  is  generally  of  minimum  impor- 
tance in  lathe  roughing  tools. 

'  The  higher  the  temperatures  required  in  hardening  the  greater 
will  be  the  oxidation  and  scaling  of  the  tools  and  deterioration  of 
furnace  equipment.  Thus  the  very  high  heats  required  in  the  high 
tungsten-cobalt  steel  must  have  compensation  in  greater  average  tool 
endurance  or  some  other  feature  for  selection  in  competition  with 
the  other  types.  These  features  are  merely  mentioned  at  this  time 
to  indicate  the  possible  a])])lication  of  the  data  described.  A  more 
complete  discussion  of  these  questions  will  be  given  in  subsequent 
sections  of  this  report. 

2.  liffccf  of  Tcuipcring  on  Tool  Performance 
The  effects  of  various  tempering  temperatures  subsequent  to 
hardening  u])on  the  endurance  of  the  four  high-speed  steels  are 
shown  in  Table  I\'  and  Fig.  2.  The  best  high  heat  temperatures, 
as  previously  determined,  were  used  in  each  case  but  an  additional 
set  of  tests  was  carried  out  on  the  low  tungsten-high  vanadium 
steel  after  hardening  from  a  low  temperature  (2200  degrees  Fahr.) 
as  this  procedure  when  combined  with  a  low  temperature  drawback 
is  recommended  by  a  i)rominent  manufacturer.  Quenching  directly 
into  lead  was  also  tried  as  the  properties  developed  by  such  treat- 
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nient  have  often  been  discussed  but  the  tools   were  so  brittle  that 
no  satisfactory  endurance  tests  could   be   made. 

Variation  in  tempering  temperature  has  only  a  minor  effect 
upon  tool  endurance  under  the  described  conditions  of  test  though 
there  is  observed  a  slight  increase  in  cutting  time  when  temper- 
ing between  600  and  1100  degrees  Fahr.  This  effect  is  most 
marked  in  the  high  tungsten-cobalt  steel  but  is  also  shown  in  the 
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2 — Effect     of     tempering     temperature     on     the     endurance     of     four 


high-speed    steels    first    quenched    from    various    temperatures. 
Steel  compositions   are  given   in  Table   I   and  properties   of   the  test  logs   in  Table    H. 

two  steels  without  cobalt.  While  the  authors  have  already  pointed 
out  that  endurance  tests  cannot  be  used  with  certainty  in  compar- 
ing steels  of  nearly  similar  performance  the  consistent  though  small 
increases  in  samples  tempered  at  600  or  1100  degrees  Fahr.  over 
those  tempered  at  450,  900  degrees  Fahr.  or  not  at  all  is  signifi- 
cant especially  as  these  effects  coincide  Avith  the  small  changes  in 
hardness  found  by  many  investigators. 

However,  the  most  important  reason  for  tempering  between 
600  and  1100  degrees  Fahr.  (providing  the  tools  have  been  prop- 
erly hardened)  is  not  increased  endurance  but  decrease  in  brittle- 
ness.  This  is  of  special  importance  in  steels  containing  13  per  cent 
tungsten  as  shown  by  tool  breakage  noted  in  Table  I\'  and  con- 
firmed by  results  of  bend  tests  reproduced  in  Fig.  3. 

In  other  words,  high-speed  steels  subjected  to   severe  service 


1923  LATHE     TOOL     PERFORMANCE  365 

have  endurance  characteristics  of  the  high  temperature  treatment 
used  in  hardening  and  this  is  not  modified  to  any  great  degree  by 
any  subsequent  variations  in  tempering  up  to  and  including  1100 
degree  Fahr.  This  is  well  shown  by  the  tests  of  low  tungsten-high 
vanadium  steel  subjected  to  both  low  and  high  hardening  heats 
and  various  tempering  temperatures  (Table  IV)  and  indicates  the 
misleading  nature  of  discussions  based   solely  on  hardness  deter- 


Table  IV 

Effect  of  Tempering  Temperature  on  the  Endurance  of  Four  High-Speed  Tool  Steels 
Hardened  in  Various  Ways. 

Heat   treatment   (a) Tool  endurance  in  minutes 


Tests 

Steel 

made      High  heat 

Temper- 

No. 

on     Temp.  Time 

ing 

log.       deg.         in 

temp.. 

No.      Fahr.     min- 

degrees 

utes 

Fahr. 

1st  grind Re-grind .Aver- 

2  3  4  1  2  3  4         age 

all 
tests 

C  Low  tungsten-high  vanadium  steel 

5       2350     2  450         14.6       B        16.7  B  20.8  20.3  10.0  16.5 

600         24.3     10.3     17.5  16.8  22.9  14.7  22.4  18.4 

SOO         13.8     14.8     20.6  11.3  19.5  17.0  23.8  11.2  16.5 

1100         17.0     16.7     25.6  11.6  23.4  16.3  36.5  14.9  20.2 

2200     2  450  2.1       7.2       6.5       1.6       1.9       1.2       3.4       0.5       3.0 

600  1.2       7.7       1.7       6.0       2.0       1.5       2.0       2.9       3.1 

into 
2350     2  lead  atBBBBBBBBB 

1100  degrees  for 
30  min. 
D  High  tungsten-low  vanadium  steel 

12       2400     Mi         None      10.2       B        12.2       B  8.0     12.1       7.9       B        10.1 

450  9.7     14.1       8.8     10.3     12.6       B  7.3      ....      10.5 

600  8.4     14.8     12.0     13.2     13.1     15.6     11.6     10.9     12.4 

900         11.8       9.7       9.2       8.0     12.8     11.5     16.2     11.3 

1100         17.0     10.1     11.0     11.3       8.2     14.2       8.6     13.1     11.7 
.\  Low  tungsten-cobalt  steel 

10  2400     IJi  None        BBBBBBBBB 

450           3.8       1.9  2.6  B  4.0  3.9  B  B  3.2 

900           3.2       4.3  3.0  4.0  3.9  3.6  2.6  4.6  3.6 

1100           4.0       5.1  3.9  5.8  4.3  4.0  4.9  4.3  4.5 
B                             High  tungsten-cobalt  steel 

11  2450     Wi         None      19.0       B  13.5          B  15.8  13.0  B  B  15.3 

450  12.1  15.0  21.3  17.3  15.0  13.8  23.4  16.8 

600  21.1  25.5  22.2  21.9  18.0  28.2  21.2  14.3  21.6 

900  15.1  17.4  17.2  23.5  19.9  21.5  19.3  18.5  19.0 

1100  27.8  20.6  22.6  24.6  24.9  18.2  20.7  22.0  22.7 

(a)  All  tools  placed  in  preheating  furnace  at  1400  degrees  Fahr.;  raised  to  1600  degrees  Fahr. 
and  held  20  minutes;  then  introduced  into  the  high-heat  furnace  at  temperatures  shown.  They 
were  quenched  in  Houghton's  No.  2  soluble  quenching  oil  and  subsequently  tempered  for  30  min- 
utes at  various  temperatures  as  indicated. 

B — Tool  broke. 


mination    which,    as    has    repeatedly    been    shown.    lia\e    no    direct 
relation  to  tool  performance. 

While  the  data  presented  in  Fig.  3  are  self-explanatory  atten- 
tion should  be  called  to  the  very  high  values  for  maximum  fiber 
stress  obtained  in  the  bend  tests  of  the  high  tungsten-low  vanadium 
steel.     In  addition  to   being  al)le  to   withstand   higher   stress   than 
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the  low  tungsten-liigli   vanadium   steel   greater  deformation   can  be 
absorbed  before  failure  will  occur. 

3.     Conslitiitioiuil  Cliaiujcs  in  H'u/li-Spced  Steels  IVitli  Heat  Treat- 
ment 

The  very  marked  increase  in  endtirance  in  high-speed  steels 
with  rise  in  quenching  temjierature  is  of  both  practical  and  theoreti- 
cal interest  especially  as  the  lathe  te.-;ts  were  so  severe  that  the 
nose  of  each  tool  was  raised  to  a  red  heat  readily  visible  in  diffused 
daylight,   the   temperature   being   certainly   not   less   than    1400   de- 


Stce/  H  first  oil  tfvenf^fd 
fromZ-MO'f;   'Z  from  ZSSO'F, 


Ttrsh  mtufe  on  jj/i.  d/(vn  bars 
at   center 


200  -KO  600  800  1000  /ZOO 

Tempenn^    temperature  -  deq.  f^. 

Fig.    3 — Effect    of    tempering    temperature    im    the    hrittleness    <>f    hardened 
high-.'speed   steels   as   shown   by    bend   tests. 

grees  Fahr.  In  other  words,  the  effective  portion  of  the  tool  was 
operating  at  a  temperature  above  that  required  to  decompose  the 
martensitic  groundmass  and.  according  to  Shore  and  Brinell  hard- 
ness determinations,  is  soft.  It  is  therefore  not  surprising  that 
variations  in  tempering  temperature  produced  only  minor  changes 
in  endurance  and  that  tools  showed  performance  generally  charac- 
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teristic  of  the  hi^h  temperature  treatment  to  which  they  were  or- 
iginally subjected. 

The  constitutional  changes  in  high-speed  steels  under  vary- 
ing thermal  treatments  have  been  studied  by  a  number  of  investi- 
gators who  have  made  use  of  hardness  determinations,  microscopic 
examinations,  volume  changes  and  magnetic  and  thermal  analysis, 
etc.,  but  it  is  improbable  that  any  exjjlanations  so  far  advance  1 
for  the  observed  effects  are  wholly  correct.  For  this  reason  any 
further  data  which  might  throw  light  upon  the  nature  of  the  reac- 
tions involved  should  be  of  special  interest. 

Edwards  and  Kikkawa''  consider  that  the  variations  in  proper- 
ties of  high-speed  steels  with  rise  in  quenching  tem|)erature  are 
largely  due  to  an  increase  in  the  amount  of  tungsten  brought  into 
solution  for  when  low  hardening  temperatures  were  used  for  their 
high-speed  steels  the  tempering  properties  approximated  those  of 
plain  chromium  steels.  On  the  other  hand,  Honda  and  Murakami' 
believe  that  solution  of  the  carbides  is  followed  by  a  further  re- 
action  according  to   the    following   equation: 

2  Cr,C=Cr,C.,-f  5  Cr 

and  that  the  higher  the  quenching  temperature  the  more  this 
change  proceeds  from   left   to  right. 

To  throw  light  upon  the  changes  which  take  ])lace  thermal 
analysis  was  made  of  samples  first  quenched  from  various  high 
heat  temperatures  and  the  results  are  given  in  Fig.  4.  Such 
tests  have  already  been  carried  out  by  a  number  of  investigators 
but  in  all  cases  which  have  been  brought  to  the  attention  of  the 
authors  the  heating  curves  subsequent  tt)  hardening  have  been 
restricted  to  temperatures  below  about  1700  degrees  Fahr.  In  view 
of  the  well  known  ability  of  high-speed  steels  to  cut  while  at 
red  heat  complete  tempering  or  reversal  of  the  changes  which  oc- 
cur in  the  process  of  hardening  cannot  take  place  rapidly  in  the 
ranges  already  covered.  It  was  therefore  believed  advisable  to  ob- 
tain thermal  curves  up  to -higher  temperatures  including  2100  de- 
grees Fahr. 

(6)  r  \  Kilwanis  ;iiiil  H.  Kikk:i\v:i:  '"riie  Ktfect  of  Clnoiniiiiii  iiiul  Tiiii(fsten  u).nn 
the  Hardening  and  TempeiitiK  of  Hijch-.Siiee.l  Steels,"  Jotirnal.  Iron  and  Steel  Institute,  !)•-'. 
191.^,   part    2,    page   6. 


(7)  K  Honda  and  T.  Murakami:  "••n  th-  Striieti'ral  CoiiKtiti-t'on  of  Hiu'hSnped  Steel 
Containing  Chromium  and  Tungsten  and  the  KfTe.t  of  these  Elements  „n  its  Hardening  and 
Tempering"    Srifnce   Kfiporlx   of  T..h<pkii    Inipenal    I  inversity,    1st    Series.    !»,    i.age    14.^    (1920). 
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Evidently  a  rise  in  the  original  quenching  temperature  from 
2200  to  2500  degrees  Fahr.  causes  one  or  more  molecular  or  atomic 
rearrangements  or,  to  express  this  somewhat  differently,  changes 
take  place  in  the  combinations  of  carbon,  chromium,  tungsten  or 
vanadium  in  solid  solution  for  the  Ac^  transformation  found  upon 
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Fig.    4 — Thermal    analysis    of   high-speed    steels    first   annealed    or    quenched    from    vari- 
ous   high-heat   temperatures.     Steel    compositions   are    given   in    Table    I. 

reheating  the  sample  first  quenched  from  2200  degrees  Fahr.  is 
gradually  suppressed  and  then  split  as  the  initial  hardening  temper- 
ature is  raised.  The  intensity  of  this  "normal"  Ac^  point  decreases 
as  that  of  the  new  points,  which  appear  at  higher  temperatures, 
increases. 

The  changes  accompanied  by  these  thermal  effects,  shown 
in  detail  in  Fig.  4,  are  undoubtedly  related  in  part  to  the  tungsten 
and  not  restricted  to  the  chromium  as  intimated  by  Honda  and 
Murakami  for  the  highest  point  occurs  at  a  much  higher  temper- 
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ature  in  both  high-tungsten  steels  than  in  those  containing  low 
tungsten.  However,  a  simple  cliange  in  the  proportion  of  tungsten 
in  solution,  as  suggested  l)y  Edwards  and  Kikkawa,  d(jes  not  seem 
to  be  an  adequate  explanation.  Under  such  conditions  the  "nor- 
mal"' Aci  should  merely  increase  in  intensity  with  the  proportion 
of  tungsten  originally  dissolved  which,  in  turn,  would  increase  with 
the  high  heat  temperature  and  time  in  the  initial  hardening.  A 
gradual  elevation  and  widening  of  the  heat  effect  might  be  ob- 
served but  no  such  splitting  as  is  shown  in  Fig.  4. 

The  marked  increase  in  endurance  in  high-speed  steels  with 
rise  in  quenching  temperature  is  therefore  related  to  one  or 
more  atomic  or  molecular  changes,  probably  of  tungsten  and 
possibly  also  of  vanadium  and  chromium  in  solid  solution,  which 
take  place  between  22(X)  and  2500  degrees  Fahr.  Their  reversal 
is  sluggish  as  shown  by  the  high  temperatures  at  which  the  thermal 
effects  occur  on  reheating  and  by  the  fact  that  hardened  tools  will, 
as  in  the  described  tests,  operate  for  short  periods  at  temperatures 
well  above  that  at  which  the  martensitic  groundmass  is  decomposed. 
So-called  red  hardness  is  a  function  of  these  reactions  and  bears 
no  relation  to  secondary  hardening  obtained  when  tempering  at 
about  1100  degrees  Fahr.  Such  tempering  reduces  brittleness 
by  changing  the  constitution  of  the  groundmass  in  hardened  high- 
speed steels  but  it  is  the  quantity  and  characteristics  of  the  con- 
stituents formed  at  temperatures  between  about  2200  and  2500 
degrees  Fahr.  that  largely  determines  the  tool  endurance  in  severe 
service  and  resists  the  high  temperature  abrasion  which  "gutters" 
and  wears  away  the  nose  of  the  tool  and  ultimately  causes  failure. 

4.     Effect   of   time  at  high   heat  and  manner  of  heating   on   tool 

endurance 

As  the  heat  treatment  of  high-speed  steels  is  now  ordinarily 
carried  out  accurate  control  of  temperatures  is  maintained  but  in 
many  instances  the  time  factor  is  left  to  the  judgment  of  the 
furnace  operator  or  tool  hardener.  The  part  played  by  tempera- 
ture variations  in  both  hardening  and  tempering  have  already  been 
di.scussed  and  in  order  to  show  the  eft'ects  of  the  titue  element  tests 
were  made  of  tools  first  heated  in  various  ways  and  quenched  from 
a  given  temperature  or  held  in  the  high  heat  furnace  for  different 
intervals.     Results  are  given  in  Tables  V  and  VI. 
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It  will  he  noted  tliat  tools  lu-Ui  in  the  liij,di  heat  furnace  for 
3  minutes  at  2280  degrees  Fahr.  have  an  endurance  of  12.2  minutes 
while  those  held  for  half  this  time  at  2400  degrees  Fahr.  continued 
to  cut  under  the  same  conditions  of  test  for  16.1  minutes.  The 
short  time  at  the  higher  heat  has  given  an  increase  of  32  per  cent 
in  endurance  over  the  long  time  at  the  lower  temperature  whereas 

Table  V 

Effect  of  Time  at  Various  High -Heat  Temperatures  on  the  Endurance  of  High 
Tungsten-Low  Vanadium  Steel  "D." 

Preheat  High  Heat  (a! Tool  endurance  in  minutes  (b) 

Temp.,     Time     Temp.,    Time 1st  Grind Re-grind .Average  of 

deg.  F.        in        deg.  F.        in  I  2  3  4  1  2  3  4         all  tests 

Min.  Min. 

1600         20         2280         3         11.6     11.4     10.8     21.2     12.7     10.3       7.7  12.2 

1600         20         2400     50  sec.      6.6       6.8     10.3       9.6       8.5       6.1        8.8       5.1  7.7 

1600         20         2400         IH     11-5     11.7     16.2     19.4     16.7     19.0     18.2     15.8         16.1 
(a)    All  tools  quenched  in  oil  and  subsequently-  tempered  for  30  minutes  at  1109°K. 
(  b)   Tests  made  on  log.       No.  16. 

in  the  first  series  of  tests  in  which  all  tools  were  held  for  equal 
times  at  various  high  heat  temperatures  a  change  from  2280  to 
2400  degrees  Fahr.  has  increased  tool  endurance  hy  121  per  cent. 
While  these  two  series  of  tests  were  carried  out  on  different  test 
logs  the  observed  variations  are  large  enough  to  establish  the 
importance  of  time  at  high  heat  in  determining  tool  performance, 
l-'urther  confirmation  is  contained  in  Table  \T  for  the  tools  which 
were  not  preheated  but  held  in  the  high  heat  furnace  at  2400  de- 
grees   Fahr.    for   2 '4    minutes   are   superior    to   those    subjected   to 


Effect  of  Manner  of  Heating  on  the  Endurance  of  High  Tungsten-Low  Vanadium 

Steel  '-D" 

Preheat  High  heat  (a) Tool  endurance  in  minutes  (b) 

Temp.,    Time    Temp..    Time 1st  Grind Re-grind .Average  of 

deg.  F.        in        deg.  F.        in  1  2  3  4  1  2  3  4         all  tests 

None      '  2400       "  2 '4      15.1      15.6     20.6     24.2      11.1       9.6     25.2     27.4  18.6 

1400         20         2400  l'-2     13.8       5.6       8.2      19.5      18.3      10.7     11.0  12.4 

1600         20         2400          IV2     17.0     10.1      11.0     11.3       8.2     14.2       8.6     13.1  11.7 

1700         20         2400         Hz     13.7       9.8     ».2     11.6     13.8     14.0         12.3 

(a)  All  tools  quenched  in  oil  and  subsequently  tempered  for  30  minutes  at  1100°F  before  test. 

(b)  Tests  made  on  log.  No.  12. 

this  high  heat  for  a  shorter  time  after  preheating  at  various  tem- 
peratures. Xo  marked  dififerences  in  performance  are  observed 
when  the  preheating  temperature  is  varied  from  1400  to  1700 
degrees  Fahr. 

It    mav    therefore    l)e    said    that    variations    in    tlie    manner    of 
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ht'aliiii^  liii^li-spec'd  stccl>  only  atlccl  todl  endiirancf  insofar  as  tlicy 
chan_i;t'  the  time  at  wliicli  the-  tools  are  at  the  hij,di  heat  teni])erature 
or,  in  cases  where  very  short  immersion  is  used,  as  they  modify 
the  maxinnnn  tem])eratnre  attained  l>y  the  working  jjortions  of  the 
tool,  i'he  time  at  hif,di  heat  is  of  ])rime  imjjortance  for  the  longer 
the  immersion  in  the  high  heat  furnace  at  a  given  tenii)erature 
(within  limits)  the  higher  will  he  the  endurance.  It  is  therefore 
necessary  to  control  hoth  time  and  temperature  in  order  to  ohtain 
consistent   results. 

5.     Piiiu'Hsioiuil    clunujcs    in    heat    treatment 

ihe  i'oregoing  discus>ions  have  heen  restricted  to  the  effects  of 
iie:t  treatment  upon  lathe  tool  ])erformance  and  the  c()nstitutif)n  o( 
liigli-sj)eed  steels.  Frequently,  however,  as  in  form  cutters,  taps 
d'es,  etc..  control  of  dimensional  changes  becomes  of  considerable 
importance  hut  there  is  a  scarcity  (jf  accurate  data  relating  to  thi-, 
(piestion.  The  need  for  additional  information  is  well  em[)ha.sized 
hy  the  a])parent  (liscre])ancies  in  test  results  recently  reported  by 
(irossmann'^'  and  Spalding*'^'.  'i1ie  latter  stated  that  "it  has  been 
our  general  experience  tiiat  a  high-speed  steel  will  shrink  in  hard- 
ening" whereas  the  former  found  length  expansion  in  every  case 
but  careful  consideration  of  test  conditions  in  both  investig^itions 
will  show  variations  in  or  lack  of  control  of  variables  which  might 
readily  account  for  the  observed  differences.  For  example,  the  pre- 
liminary annealing  treatments  and  time  at  high  heat  temperature^ 
which  might  largely  affect  the  degree  of  solution  of  the  various 
constituents,  the  molecular  changes  in  the  hardening  operations  and 
I'ence  the  volume  changes  are  not  described  in  detail. 

The  test  specimens  used  in  this  investigation  were  of  the  form 
and  dimensions  shown  in  h'ig.  5.  Care  was  taken  to  have  the 
ends  as  nearly  parallel  as  possible  by  finishing  all  samples  in  a 
specal  chuck  in  a  surface  grinder.  In  all  cases  the  test  specimen- 
were  so  marked  that  length  and  diameter  measurements  could  be 
taken  at  approximately  the  same  jM.ints  before  and  after  b.eat 
treatment. 

As    considerable     oxidation     takes     place     at     the     high     heats 

(8)  M.  A.  Crossiiiann:  "The  Cliaii};*'  i"  I)inl(■Il^ilUls  of  lliKliSiici-il  Sttvls  in  llcil 
Trpatmeiit,"  Transact innx,  .\niericiiii  Societv  tor  Steel  Tieatinp.  N'">1-  -.  N<>.  f^,  l':iKe  (iJ'l 
(Miiy.    li»22). 

(0)  Disriission  of  [Jiirier  bv  (;ri>s,sniiiiin.  Transarlioiix,  .Vniericaii  Society  for  Steel  Tre.it- 
infj,    Vol.    2,    No.    10,    iiaj;<"    «!>(»'  Miih ,    1!)22). 
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ordinarily  used  for  high-speed  steels  the  end  surfaces  were  pro- 
tected by  steel  caps  as  shown  in  Fig.  5.  Whether  this  has  an 
effect  upon  the  observed  changes  is  immaterial  in  this  case  as  all 
samples  were  handled  in  the  same  manner  and  the  results  are 
therefore    comparable. 

Length   changes   were   determined   in   hundred   thousandths   of 


ST££i  CAPS 
M£JlD  IV  PLRCt  BY 
Wlfl£$ 


Fig.  5 — Type  of  test  specimen  used  in 
determining  dimensional  changes  of  high- 
speed  steels  under   varying   heat  treatments. 


an  inch  at  four  points,  and  diameter  at  two.  with  a  Pratt  & 
Whitney  measuring  machine.  All  determinations  were  made 
within  a  few  hours  after  treatment  by  comparison  with  a  standard 
chrc>me-steel  block  at  temperatures  between  20  and  22  degrees  Cent. 
In  the  heating  and  cooling  of  any  steel  for  hardening  constitu- 
tional changes  take  place  which,  as  is  well  known,  are  accompanied 
by  volume  changes.  However,  in  both  operations  as  ordinarily 
carried  out,  heat  transfer  takes  place  through  the  metal  surfaces 
and  if  either  the  heating  or  cooling  is  rapid  for  samples  of  ap- 
preciable size  temperature  gradients  are  establdshed  which  introduce 
stresses  in  the  metal.  The  magnitude  and  direction  of  these  stresses 
appear  to  be  functions  of  the  chemical  and  physical  constitution  of 
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the  steel,  the  size  and  shape  of  the  piece,  the  temperature  gradients 
which,  in  turn,  are  dependent  on  the  temperature  difference  hje- 
tween  the  specimen  and  the  heating  unit  and  their  relative  thermal 
capacities,  etc.  If  these  stresses  are  induced  at  relatively  high 
temperatures  at  which  the  steel  is  soft  and  plastic  then  flow  results 
and  a  change  in  dimensions  though  not  necessarily  a  change  in 
volume  is  observed ;  if  at  relatively  low  temperatures  where  the 
steel  is  hard  and  more  or  less  brittle  and  unable  to  deform  readily 
severe  stresses  produce  cracking. 

The  dimensional  changes  shown  in  subsequent  Figures  and 
Tables  are  the  result  of  constitutional  volume  changes  and  the  ef- 
fects due  to  thermal  gradients  arising  from  rapid  heating  or  cooling 
The  latter  which  will  be  referred  to  as  "distortion"  are,  of  course, 
dependent  to  some  degree  upon  the  former  but  in  a  given  set  of 
tests  the  magnitude  of  each  may  be  approximated  by  the  method 
used  in  the  work  of  the  Gage  Steel  Committee^^''^  The  constitu- 
tional length  changes  may  be  approximated  from  changes  in 
specific  volume  on  the  assumption  that  these  effects  take  place 
equally  in  all  directions.  The  difference  between  this  and  the 
total  observed  changes  may  then  be  taken  as  a  measure  of  "distor- 
tion." This  procedure  has  been  followed  in  a  number  of  cases 
to  throw  light  upon  the  effects  produced  by  several  of  the  variables 
considered. 

As  shown  in  Table  VH  dimensional  changes  under  a  given 
hardening  treatment  may  be  greatly  modified  by  variations  in 
the  original  condition  of  the  steel.  For  example,  specimens  A2 
and  A5  which  were  not  specially  annealed  but  treated  in  the  "as 
received"  condition  increased  in  length  upon  quenching  from  2300 
degrees  Fahr.  whereas  samples  A- 13  and  A-20,  which  were  first 
annealed  and  then  quenched,  decreased  in  length.  As  the  harden- 
ing was  the  same  in  both  cases,  the  observed  variations  must 
ha^'e  been  due  in  large  part  to  the  form  and  quantity  of  the  various 
constituents  originally  in  solution.  This  immediately  suggests  the 
desirability  of  a  study  of  the  annealing  of  high-speed  steels  for 
it  should  be  possible  to  so  vary  preliminary  treatments  that  pieces 
of  given  size  and  shape  w^ould  show  exceedingly  small  length 
changes  upon  hardening.  However,  it  is  not  possible  to  practically 
eliminate  changes  in  both  length  and  diameter. 


(10)     Unpublished  monthly  progresa  reports  from  the  Bureau  of  Standards  to  the  "Gage 
Steel  Committee,"  prepared  by  H.  Scott. 
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Likewise  dimensional  changes  may  l)e  moditied  tt)  some  extent 
l)y  stresses  induced  in  machining.  This  is  shown  in  comparison 
of  specimens  A-13  and  A-14  with  A-18  and  A-20.  The  former 
were  hrst  machined  and  then  annealed  while  the  latter  were  sim- 
ilarly annealed  and  then  machined.  Evidently  machining  stresses 
in  the  case  cited  tended  to  shorten  the.  test  specimens  for  upon 
relief  an  expansion  took  place  which  reduced  in  part  the  normal 
shrinkage  observed  in  hardening.  It  is  probable,  however,  that  these 
effects   will    vary   widely   and   cause   either   expansion   or   shrinkage 


dimensional  changes 

in    Inch   xlO* 
Length       Diameter 

Shore 
Hard- 

ness 

—  9.2 

—  1.9 

+  11.8 
+  11.8 

89 
91 

~   1.2 
—  0.3 

+  11.0 
+  11.2 

90 
91 

Table  VII 

Effect  of  Varying  Conditions  of  Treatment  upon  Dimensional  Changes  in  Hardening 

High-Speed  Steel. 

Heat  Treatment 
No.  (steel  A  34  of  Table  1.) 

Machined  and  then  annealed  2  hrs.  at  1600  degrees  Fahr. 

A  13      1600  degrees  Fahr. -20  min.;  2300  degrees  Fahr. -2 '2  f"'"-; 

oil 

A  14     No  preheat:  2300  degrees  Fahr. -5  min.;  oil 

.Annealed  2  hrs.  at  1600  degrees  Fahr.  and  then  machined. 

A  20     1600  degrees  Fahr. -20  min.;  2300  degrees  Fahr.-2  '2  min. 

oil _ ■     ■.     ' 

.■\  18      No  preheat;  2300  degrees  Fahr. -5  min.;  oil 

As  supplied  b.v  the  mill. 

.\  5       1600  degrees  Fahr. -20  min.;  2300  degrees  Fahr.-2'4  min.; 

oil +17-6  +13.6  93 

.A  2       1600  degrees  Fahr. -20  min.;  2300  degrees  Fahr. -2  \i  min.; 

oil +15.4  90 

A  7      No  preheat;. 2300  degrees  Fahr.-5  min.;  oil +35.8  +10.0  95 

A  3      No  preheat;  2300  degrees  Fahr. -4  min.;  oil — 10.6  92 

A  2      No  preheat;  2300  degrees  Fahr.-4  min.;  oil —2.8  +10.4  91 


depending  upon  the  exact  conditions  under  which  the  specimens  are 
prepared. 

The  effects  of  variation  in  high  heat  temi^erature  and  also 
time  at  high  heat  upon  dimensional  changes  in  hardening  are 
shown  in  Table  VHI  and  Fig.  6.  It  will  be  observed  that  both 
temperature  and  time  are  of  prime  importance  in  controlling 
dimensional  changes  for  with  increase  in  either  a  marked  increase 
in  length  expansion  occurs.  Methods  which  include  careful  control 
of  temperatures  but  disregard  of  the  time  factor  will  therefore 
not  give  consistent  results  and  it  is  probable  that  many  of  the 
variations  encountered  in  production  in  parts  made  from  the 
same  bars  of  steel  are  due  to  the  ]>ractice  of  leaving  control 
of  time  to  the  judgment  of  the  furnace  operator. 

In   order  to  throw    further   light    upon   the    importance   of    the 
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time  factor  in  hardening,  a  nuniher  ni  >auii)lf>  wc-rc  prc-lit-aied 
in  various  ways  or  not  at  all  and  dimensional  changes  noted.  The 
results,  together  with  ai)j)roximation  of  the  constitutional  length 
changes  and  "distortion"  are  given  in  Tahle  IX.  Holding  the 
samj)les  in  the  high  heat  furnace  for  five  minutes  without  pre- 
heating has  not  hrouglit  ahout  as  great  a  degree  of  solution  of 
the    constituents    as    lialf    this    time    sul)sequent    to    the    ordinary 
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2300  2400 

High  heat  temperature  -  tieg.F. 

1.2  ^.o  2.5  3.0  35"  <■(/  *s 

Time  in  hi^h  heat  hrnace  in  minutes 
(at  Z4ao°F) 

Fig.  6 — Effect  of  liigh-heat  temperature  and  time  in  the  higti-heat 
furnace  at  2400  degrees  Fahr.  on  the  length  changes  of  high-speed  steels. 
Compositions  of  steels  used  in  these  experiments  are  given  in  Table  1. 
The    high-tungsten    steel    used    is    U    and    the   col)alt    steel    is    ("('. 

method  of  preheating  at  1400  to  1700  degrees  I-'ahr.  Also  in  the 
latter  case  the  distortion  is  in  the  nature  of  a  shrinkage  whereas 
when  no  preheating  is  used  the  effect  of  distortion  is  to  elon- 
gate the  sample.  These  variations  which  are  due  to  the  differ- 
ences in  the  thermal  stresses  induced  during  heating  and  cooling 
are  quite  large  and  not  difficult  to  explain.  Distortion  in  the 
])reheated  specimens  is  largely  due  to  the  stres.ses  induced  in 
cooling  as  a  very  slow  heating  rate  was  used  until  the  samjile  was 
introduced  into  the  high  heat  furnace.  The  conditions  ohtaining 
in  the  rajiid  cooling  in  oil  tend  to  .shrink  the  satuple.  On  the 
other  hand  introduction  directly  into  the  high  heat  furnace,  without 
preheating,   sets   up  large  thermal   gradients   which   induce    stres.ses 
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of  considerable  magnitude  that  tend  to  elongate  the  outer  shell 
of  the  cylinders  where  the  length  determinations  were  made.  This 
heating  effect  is  great  enough  to  more  than  counterbalance  the 
tendency  to  shrink  during  cooling  so  that  the  sum  total  of  distor- 
tion effects  in  heating  and  cooling  in  this  case  is  an  expansion^ 

Table  VIII 

Effect  of  High-Heat  Temperatures  and  Time  on  Dimensional  Changes  in  Hardening  1" 
diam.  x  4"  Cylinders  of  High-Speed  Steel. 


High  heat  (a) 

Temperature,                           Time  in 

Dimensional 
Length 

changes 

in  Inch  xlO* 
Diameter 

degrees 
Fahrenheit 
High  tungsten-cob; 
2350 

Av. 

lit 

minutes 
steel  "CC"  of  Table  I. 

2y2 

+22.8 
+  15.4 
+19.1 

+  9.9 
+  6.S 

+  8.2 

2400 

2^ 

+24.7 

+  5.1 

2450 
Av. 

2H 

+45.2 
+38.6 
+35.2 
+39.7 

+  6.2 
+  3.3 

■+'4;8 

2500 

High  tungsten-low 

2360 

21^ 
vanadium  steel  "H" 
1  H 

of  Table  I. 

+54.3 
+  13.2 

+  6.7 

2400 
Av. 

2y2 

+27.8 
+19.9 
+23.8 

+  17.9 
+  14.7 
+16.3 

2400 
Av. 

3^ 

+47.1 
+46.6 
+46.8 

• 

+  14.6 
+  14.5 
+  14.6 

2400 

4H 

+69.5 

+  10.6 

(a)  Samples  heated  at  less  than  18  degrees  Fahr.,  per  minute  to  1700  degrees  Fahr.;  held  20 
minutes  and  introduced  into  high-heat  furnace  at  temperatures  shown;  after  holding  for  specified 
time  they  were  oil  quenched. 

As  previously  stated  all  length  changes  were  determined  at 
four  points  near  the  circumference  of  the  cylinders  and  measure- 
ments before  and  after  heat  treatment  were  made  at  approximately 
the  same  points.  The  results  discussed  are  therefore  representative 
of  the  average  changes  but  it  is  to  be  noted  that  the  cylinder 
ends,  which  were  nearly  parallel  and  moderately  plane  surfaces 
before  hardening,  showed  warpage  in  all  cases.  This  should  not 
be  confused  with  the  term  "distortion,"  as  used  in  this  report, 
which  refers  to  that  portion  of  the  total  length  changes,  measured 
at  fixed  points,  which  were  caused  by  thermal  gradients  in  heating 
and  cooling. 

The  variations  in  dimensional  changes  encountered  in  hardening 
a  given  steel  from  one  temperature  are  real  for,  as  shown  in  Fig. 
7,  the  differences  are  maintained  after  tempering  at  temperatures 
up  to  1100  degrees  Fahr.  While  the  length  change-tempering 
temperature   curves    are   all    parallel    and    show   a   decrease   in    the 
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expansion  with  rise  in  temj>ering  temperature  up  to  900  degrees 
Fahr.  and  subsequently  an  expansion,  only  two  pass  through 
zero.  The  original  length  change  in  hardening  has  been  obliterated 
in  one  when  tempering  at  about  450  and  in  the  other  at  700  degrees 
Fahr.  Tempering  may  therefore  be  used  to  reduce  any  length 
expansion   or   shrinkage   obtained  in   hardening   but    it   is    only    in 

Table  IX 

Effect  of  Manner  of  Heating  Upon  Dimensional  Changes  in  Hardening  1"  Diam.  x  4" 
Cylinders  of  High-Speed  Steel. 

Heat  treatment  (a)                Dimensional  changes  in  Inch        Change    in  Length 

xlO*  Specific  Distortion  (c) 

No.      Preheat,             High  heat  Volume,    (b)  in  Inch    ilO* 

deg.  F.                 deg.  F.                   Length  Diameter               Per  cent 
Low  tungsten-high  vanadium  steel  "Z" 

1  None                    2330                    +18.0  +  2.8                  +0.08  +  7  .i 

2  1400                     2350                   +11.6  +  7.2                 +0.18  —12.4 
Low  tungsten-high  vanadium  steel  "A  34". 

3  None                  2300                 —0.3  +11.2                +0.27  —36.3 

4  1600                    2300                  —  1.2  +11.0                 +0.30  — H.2 
High  tungsten-low  vanadium  steel  "H". 

5  None                   2400                   +55.9  +14.1                 +0.36  +  7.9 

6  1700                     2400                   +23.8  +16.3                 +0.38  —14.6 
High  tungsten-cobalt  steel  "CC". 

7  None                   2450                   +66.2  +  6.0                 +0.40  +13.0 

8  1400                     2450                   +40.2  +  3.4                 +0.52  —29.0 

9  1700                     2450                   +36.9  +  3.3                 +0.50  —29.5 

(a)  Specimens  raised  at  less  than  18  degrees  Fahr.,  per  minute  to  specified  preheating  tem- 
perature, held  20  minutes  and  introduced  into  high-heat  furnace.  After  2  J-2  minutes  oil  quenched. 
When  no  preheat  was  used  the  specimens  were  held  5  minutes  in  the  high-heat  furnace. 

(b)  These  values  calculated  from  density  determinations  before  and  after  hardening. 

(c)  Length  distortion  is  the  difference  between  total  observed  changes  (4th  column)  and 
those  resulting  from  constituional  changes  in  hardening;  the  latter  may  be  approximated  from  per 
cent  change  in  specific  volume  on  the  assumption  that  this  effect  is  uniform  in  all  directions. 


certain  cases  that  the  length  after  treatment  will  approximate  that 
of   the   original   sample. 

The  foregoing  discussion  and  the  importance  of  the  results 
may  be  summarized  as  follows : 

(a)  Length  shrinkage  or  expansion  may  be  produced  in 
hardening  a  high-speed  steel  from  a  given  temperature  (if  not  too 
high)  by  varying  the  treatment  prior  to  quenching.  This  includes 
both  preliminary  annealing  and  the  manner  of  heating  for  harden- 
ing. 

(b)  However,  the  higher  the  quenching  temperature  and  the 
time  at  high  heat,  within  limits  ordinarily  encountered  in  com- 
mercial heat  treatment,  the  greater  will  be  the  expansion  or, 
with  certain  initial  conditions  of  the  metal,  the  less  will  be  the 
shrinkage. 

(c)  Tempering  up  to  900  or  1000  degrees  Fahr.  subsequent 
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to  hardening'  will  reduce  the  original  expansion  or  increase  the 
shrinkage  hut  the  final  length  will  a])pr()ximate  the  original  only  in 
certain  cases.  The  teiupering  which  will  i)roduce  this  ideal  condi- 
tion will  varv  widely  in  a  given  steel  depending  ujxrn  the  previous 
history  of  the  samples. 

(d)      lM)r     consistent     results     with     resj^ect     to     dimensional 


■too  6O0  aoo  jooo 

Tempering  temperature  -  <tffg.  F. 

Fig.  / — Effect  <it  teniperiuK  on  the  leugtli  changes  cit  a  higli-speeil 
.steel  first  hardened  in  various  ways.  Form  of  test  specimen  useil  is  given 
in    Fig.    5. 

changes   the   time    factor   in   all    heat   treatment    operations   as    well 
as    the    temperature    must    l)e    under    complete    control. 

The  practical  value  of  having  detailed  information  of  tiie 
type  discussed  has  heen  emphasized  in  a  case  recently  hrought  to 
the  attention  of  the  authors.  Hohs  for  cutting  hard  steel  were 
recjuired  in  a  plant  without  suitahle  grinding  equipment.  Carbon 
steels  were  unsatisfactory  for  the  work  to  be  done  while  high-speed 
steels,  because  of  their  exceptional  resistance  to  fracture  when 
subjected  to  transverse  bending  stresses,  appeared  most  desirable 
With  complete  information  regarding  the  elTects  of  various  pre- 
liminary treatments,  the  manner  of  heating,  the  high  heat  tempera- 
ture and  time,  etc.,  upon  dimensional  changes  in  heat  treatment 
it  would  have  been  comparatively  easy  to  keep  the  length  changes 
below  a  prescribed  minimum  so  that  final  grinding  could  be 
omitted. 
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6.     Effect   of   yariiition   in   Cutting   Sf>ccd  on   the   Perfonnancc   of 
Various   High-Speed  Steels 

Considerable  attenticni  was  paid  in  an  earlier  report^' '^  to 
the  comparative  endurance  of  various  tyi)es  of  hij^h-speed  steel 
subjected  to  severe  service  in  cuttin<^  nickel  steel  forgings  at 
between  60  and  67  feet  per  minute.     However,  the  high   frictional 


~7S  20 

Too(  »Kti/rarrce  w  /ni lutes 

Fig.  8 — Effect  of  cutting  speed  on  tfie  endurance  of  four  types  of  high -speed  steel 
used  on  nickel  steel  forgings.  Details  of  test  results  are  given  in  Table  X  ;  properties  of 
test  logs  in  Table  11.  and  tool  angles,  depth  of  cut,  etc.,  in  the  text  at  the  beginning 
of     this     report. 

temj^eratures  produced  in  these  tests  are  rarely  if  ever  enct)untered 
in  commercial  work  as  coolants  are  used  or  the  tools  are  not 
rec|uired  to  operate  with  heavy  cuts  and  feeds  at  such  high  speeds. 
Compari.sons  based  on  severe  duty  might  not  neces.sarily  hold  under 
more  moderate  service,  as  indicated  by  tests  already  described  in 
which  varying  feeds  were  employed,  so  that  all  four  steels  con- 
sidered in  this  report  were  run  on  one  set  of  test  logs  with  fixed 
feed  and  depth  of  cut  and  speeds  varying  from  about  45  to  70  feet 
per  minute.  The  results  obtained  are  shown  in  detail  in  Table  X 
and    reproduced   graphically   in    b'ig.    S. 

The    general    shajH'    nf    tlu-    cutting    speed — enduraiue    curves 

cm    Ki'iiT  tn  (  n. 
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is  the  same  for  the  four  steels  and  quite  similar  to  the  data  pre- 
sented for  original  high-speed  steels  by  Taylor'-'.  However, 
the  relative  performance  of  steels  A.  B,  C  and  D  varies  at  different 
cutting  speeds  as  shown  in  Table  XI.  though  the  general  order  of 
superiority  does  not  change  except  in  the  case  of  steels  A  and  B 
at    low    cutting    speeds    but    this    cannot    be    taken    too    seriously 


Table  X 
Effect  of  Cutting  Speed  on  the  Endurance  of  Four  High-Speed  Steels. 

Cutting      Tool  Endurance  in  Minutes 


Speed  ft.         1st  grind Re-grind 

per  min.  at     On   log.    13      On   log.    10      On  log.    IS      On  log.    H   Average 
bottom  of  cut      1  2  3  4  1  2  3  4       •   all 

tests 
Low  tungsten-high  vanadium  steel  "C".      1600  degrees  Fahr.-20  min.;  then  2350  degrees  Fahr. 
IJ^  min.  oil;  tempered  1100  degrees  Fahr.-30  min. 
70  2.8       2.5       2.4       2.6       2.3       2.0       1.5       1.8       2.2 

60  8.0       2.5     12.6       8.4       5.1       3.8       6.5       4.6       6.4 

SO  22.6     29.0     30.6     30.3     23.0     24.5     23.3     14.3     24.7 

■45  37.5     35.6     63.1     68.2     27.8     23.1     58.3     33.2     43.4 

High  tungsten-low  vanadium  steel  "D".      1600  degrees  Fahr.-20  min.:  then  2400  degrees  Fahr., 
1^2  min.  oil;  tempered  1100  degrees  Fahr. -30  min. 
70  2.0       1.1       1.6       1.5       1.2       l.S       0.6       1.7       1.4 

60  5.5     10.3       3.3       6.5       3.4       5.3       3.0       S.4       5.3 

SO  17.1     20.4     15.6     11.5     11.0     14.2     15.0 

45  38.5     42.1     26.6     48.8     20.0     44.3     18. S     23.2     32.8 

40  90.5     76.0     (83.2) 

Low  tungsten-cobalt  steel  "A".      1600  degrees  Fahr.-20  min.;  then  2400  degrees  Fahr. -13^2  m'n. 
oil;  tempered  1100  degrees  Fahr. -30  min. 
70               3.0       5.4       3.5       3.0       2.9       3.8       2.6       2.1       3.3 
60              6.4       7.4       9.8     15.7     13.0       6.5       9.9     10.4       9.9 
55             15.0     11.2     23.3     29.7     14.0     10.0     12.2     13.1     16.1 
SO             19.6     34.9     48.8     48.9     25. 9     27.3     27.3     26.3     32.4 
High  tungsten-cobalt  steel  "B".      1600  degrees  Fahr. -20  min.;  then  2450  degrees  Fahr.-lJ-i  mm. 
oil;  tempered  1100  degrees  Fahr.-30  min. 
70               3.3       4.5       2.9       3.8       2.3       2.7       2.2       2.9       3.1 
60               5.3       5.4     10.4     14.8       8.7       8.5       2.9       4.8       7.6 
55             13.6       9.1     17.3     17.9       8.6     16.7     14.5     18.8     14.6 
SO  50.0     23.6     45.6     40.2     29.9     21.0     29.2     34.2 


for  the  authors  have  already  pointed  out  that  the  breakdown  test 
is  not  to  be  relied  upon  for  comparisons  of  steels  having  nearly 
similar    endurance. 

It  likewise  appears  from  Fig.  8  that  curve  A  is  more  nearly 
paralled  to  C  (low-tungsten  steels  with  and  without  cobalt)  than 
to  the  other  curves  and  B  to  D  (high-tungsten  steels  with  and 
without  cobalt).  It  is  true  that  these  differences  are  small  but 
are  worthy  of  attention  as  they  are  consistent  with  other 
effects  already  described  which  show  that  low-tungsten  steels 
have  somewhat  different  properties  than  those  containing  high 
tungsten;    the    addition    of    about    3.5    per    cent    cobalt    modifier 


(12)     F.   W.   Taylor:     "On  the   Art    of   Cutting   Metals,"    Transactions,   American   Society 
of   Mechanical   Engineers,    1906. 
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these  properties  but  does  not  apprecia1)ly  change  the  characteristics 
of  the  two  types. 

As  shown  in  Fig.  8  high-speed  steels  containing  cobalt  have 
much  greater  endurance  at  all  cutting  speeds  than  the  plain 
chromium-tungsten-vanadium  steels.  Under  the  most  severe 
service  the  low  tungsten-cobalt  type  is  superior  to  the  high  tungsten- 
cobalt  steel  but  at  the  lowest  speeds  both  have  comparable  en- 
durance. The  choice  between  these  two,  under  such  conditions, 
would    therefore    depend    upon    other    factors.      For    example,    it 

Table  XI 

Comparisons  of  Various  Types  of  Highi-Speed  Steel  on  the  Basis  of  the  "Breakdown" 

and  "Taylor"  Tests,  (a; 

Relative 

Cutting  Perform- 

Steel                                                 speed,  ft.  Tool  ance  as 

per  min.  Endur-  per  cent       Order  of 

at  bottom  ance  in  of  steel       Superior- 

of  cut  minutes  "A"  ity 
"Taylor  Test" 

A — Low  tungsten-cobalt 53.6  20  100  1 

B — High  tungsten-cobalt 53.2  20  99.2  2 

C — Low  tungsten-high  vanadium 51.3  20  95. 7  3 

D — High  tungsten-low  vanadium 48.2  20  90.0  4 

"Breakdown  Test" 

A — Low  tungsten-cobalt 70  3.3  100  1 

B— High  tungsten-cobalt  ... 70  3.1  93.9  2 

C — Low  tungsten-high  vanadium 70  2.2  66. 7  3 

D — High  tungsten-low  vanadium 70  1.4  42.4  4 

A— Low  tungsten-cobalt 60  9.9  100  1 

B— High  Tungsten-cobalt  .. 60  7.6  75.7  2 

C — Low  tungsten-high  vanadium 60  6.4  64.6  3 

D — High  tungsten-low  vanadium 60  5.3  53.5  4 

A — Low  tungsten-cobalt 50  32.4  100  2 

B— High  tungsten-cobalt 50  34.2  105.6  1 

C — Low  tungsten-high  vanadium 50  24.7  76.2  3 

D — High  tungsten-low  vanadium 50  15.0  46.  3  4 

(a)    For  details  of  test  results  from  which  these  computations  were  made  refer  to  Table  10. 


has  already  been  shown  (refer  to  Section  III-2)  that  low  tungsten 
steels  (with  or  without  cobalt  additions)  are  more  brittle  than  the 
high  tungsten  types  but  require  lower  hardening  heats  for  best 
performance.  Thus  in  cases  where  brittleness  is  of  prime  im- 
portance the  high  tungsten  cobalt  steel  B,  w^ould  be  preferred ;  in 
cases  where  minimum  oxidation  and  a  clean  surface  on  the  treated 
tool  is  desired  the  low  tungsten-cobalt  steel  has  a  decided  advan- 
tage. In  any  case  the  choice  would  be  dependent  upon  a  number 
of  factors  in  addition  to  endurance  which  have  been  discussed 
throughout  various  sections  of  this  report. 

It  will  also  be  noted  that  the  endurance  of  the  low  tungsten- 
high  vanadium  steel  is  much  greater  than  that  of  the  high  tung- 
sten-low vanadiaum   type  at  any  of   the  speeds  considered.     This 
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is  in  agrt'eiiieiit  with  and  sni)ijlcnK'nt-  results  ul)tainf(l  in  the 
authors'  ])revi()us  tests  with  lart^^er  tools  and  rc([uires  no  further 
comments  exce])!  to  call  attention  to  the  fact  that  the  heat  treat- 
ments used  for  the  several  types  of  steels  in  the  present  instance 
were  first  shown  to  i)roduce  the  best  tool  i)erformance  in  severe 
service. 

As  the  order  of  superiority  does  not  change  except  in  one 
case  in  which  two  of  the  steels  show  almost  identical  endurance. 
average  performance  ratings  may  he  com])uted.  'i  hese  are  based 
on  individual  ratings  at  70,  60  and  50  feet  per  minute  cutting 
s|)eed.  which  have  been  expressed  as  a  ])ercentage  of  the  best 
steel  in   each  case,  and  are  as   follows: 

Per  Cent 

Low    tungsten-cobalt    steel-A    - 98 

High    tungsten-cobalt    steel-B     90 

Low  tungsten-high  vanadium  steel-C    6(S 

High   tungsten-low   vanadium    steel-D    47 

a.     Comparison    of   the    "Brcakdoiot"   and   "Taylor"    fcsfs 

While  the  described  tests  were  made  primarily  to  determine 
elfects  of  cutting  speeds  upon  tool  endurance  the  results  shown 
in  Fig.  8  give  an  opportunity  to  compare  the  "Breakdown"  and 
"Taylor"  tests  for  high-speed  steels.  The  latter,  as  is  well  known, 
consists  in  determining  the  cutting  speed,  under  otherwise  fixed 
conditions  of  feed,  depth  of  cut,  tool  angles,  etc.,  which  will  cause 
tool  failure  in  exactly  twenty  minutes  in  place  of  choosing  a  fixed 
speed,  as  in  the  authors'  tests,  and  determining  the  tool's  endurance. 

It  has  been  claimed'^''  that  no  difficulty  is  encountered  in 
checking  results  on  duplicate  tools  within  five  per  cent  by  Taylor's 
method  though  little  or  no  published  experimental  data,  in  addition 
to  Taylor's  work,  have  been  presented  to  establish  these  limits. 
It  is  a  fact,  however,  that  greater  uniformity  in  results  will  be 
obtained  in  all  tests  in  which  tool  failure  occurs  in  from  15  to  30 
minutes  than  is  the  case  with  shorter  or  longer  endurance  and  the 
reasons  for  this  are  fully  discussed  in  Taylor's  original  report  and 
need  not  be  rei)eated.  It  is  further  claimed  that  while  the  Taylor 
test  is  more  troublesome  in  operation,   fewer  tools  are  required   to 

(13)     Discussion    of    report    "f.athe    BrcaUd-iwii    Tests   of    Some    Modern    High-Speed    Tool 
Steels,"     Transact  iniix,     American     Society     for     Steel     Treating,     Vol.     3,     N".     9,     page     95(5 

(.Tune,    1023"). 
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obtain     representative    comparisons     on    account     of    tliis    j^reater 
uniformity   with  the   net   result   of   a  saving   in   time. 

The  summary  contained  in  Table  XI,  which  is  based  on  results 
given  in  Fig.  8  shows  that  in  general  the  order  of  superiority  of 
the  four  steels  tested  is  the  same  but  their  relative  performance 
varies  widely  when  comparisons  are  based  on  the  Taylor  or  break- 
down  tests. 

An  ideal  test  would,  of  course,  enable  quick  determination 
of  the  performance  of  tools  or  steels  before  they  are  placed  in 
actual  service  and  should  give  an  accurate  index  of  what  will 
tlien  be  oljserved  but  the  Taylor  test  fails  in  this  respect  on  account 
of  the  variations  cited.  Steels  A  and  D,  for  example,  have  re- 
spective performance  ratings  of  100  and  90  per  cent  in  the  Taylor 
test  but  if  these  steels  were  later  placed  in  service  under  such 
conditions  that  failure  in  A  would  occur  in  about  30  minutes  steel 
D  would  cut  for  less  than  half  this  time  and  actually  have  but 
half  of  the  expected  endurance. 

The  authors  hold  no  brief  for  or  against  either  type  of  test 
for  both  have  found  wide  application  and  are  of  benefit  when 
jiroperly  used.  However,  jjoth  types  have  limitations ;  those  of 
the  breakdown  test  were  descriljed  in  an  earlier  report,  already 
referred  to,  while  some  of  the  characteristics  of  the  Taylor  test 
have  here  been  discussed.  One  of  the  principal  advantages  of  tiie 
latter  is  the  uniformity  in  test  results  and  the  certainty  that  dupli- 
cation can  readily  be  obtained  on  the  same  materials  at  any  time 
subsequent  to  the  original  test,  even  with  steels  of  nearly  similar 
performance.  On  the  other  hand  it  is  much  more  troublesome 
to  carry  out  and  the  comparisons  obtained  do  not  necessarily  rep- 
resent what  may  be  expected  in  actual  service.  It  therefore  appears 
that  the  only  positive  indication  at  the  present  time  of  just  what 
tools  will  do  is  to  place  them  in  service  in  the  shop.  This  cannot 
be  wholly  replaced  by  the  "Taylor"  or  "Breakdown"  tests  but  much 
worthwhile  information  of  practical  value  can  be  obtained  by  careful 
interpretation  and  correct  application  of  results  obtained  by  either 
method. 

7.     "Flaky"  fractures  in  high-speed  steels 

The  attention  of  the  authors  has  occasionally  been  called  to 
the   occurrence    in    both    annealed   and    hardened    high-speed    steels 
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of  a  course  crvstrillinc  tyjjc  of  fracture  (as  contrasted  witli  the  usual 
more  or  less  silkv  "porcelainic"  appearance)  whicip  was  previously 
referred  to""*'  as  a  "Haky"  or  "tish-scale"  fracture.  This  condition, 
which  is  sliown  in  various  degrees  in  Figs.  9  and  10.  has  heen 
ohserved  in  har  stock  after  the  first  hardening ;  in  lathe,  planer 
and  shaper  tools  after  frequent  dressing  and  rehardening  and  in 
one  recent  case,  in  a  purchased  tool.  It  may  also  he  produced  in- 
tentionally hy  repeated  quenching.  Since  the  occurrence  of  this 
tyi)e  of  fracture  has  usually  been  associated  with  brittleness,  the 
desirability  of  studying  the  properties  of  .so-called  "flaky"  steel 
in  lieat  treatment  and  possible  methods  of  elimination  becomes 
a]>i)arent. 

"Flaky"  fractures  may  be  readily  produced  in  any  ordinary 
high-speed  steel  by  repeated  quenching  from  2200  degrees  F^ahr. 
or  higher  temperatures  as  shown  in  Table  XII  but  development 
of  this  characteristic  appearance  is  independent  of  the  time  at 
high  heat  and,  as  far  as  the  authors  have  been  able  to  determine, 
of  the  manner  of  breaking  the  samples.  The  intensity  of  the 
"flake"  increases  with  the  hardening  temperature  and  the  number 
of  quenching  treatments  up  to  five ;  also  the  "flakes"  are  larger 
and  take  on  a  more  decided  appearance  in  low  tungsten  than  in 
high-tungsten  steels  similarly  treated  but  in  general  the  number 
of  quenching  treatments  required  to  produce  a  given  intensity 
will  vary  in  dififerent  heats  of  the  same  type-  composition. 

However,  "flake"  will  not  be  produced  by  repeated  quenching 
if  the  steel  is  annealed  between  successive  treatments.  Therefore 
in  normal  shop  practice  "flaky"  steel  may  be  produced  through 
the  hardening  of  long  lengths  of  lathe,  shaper  and  planer  tools 
foUovved  ])v  dressing  operations  in  which  only  part  of  the  pre- 
viously hardened  steel  is  heated  to  annealing  temperatures  which 
would   ordinarily   prevent    its   occurrence. 

The  endurance  of  high-speed  steel,  intentionally  "flaked" 
by  repeated  quenching,  is  in  general  similar  to  that  of  the  same 
steel  with  a  normal  fracture  but  a  series  of  lathe  tests  showed  a 
much  greater  degree  of  brittleness  and  a  tendency  toward  erratic 
results      Its  elimination  is,  therefore,  greatly  to  be  desired. 

While  the  prevention  of  "flaky"  fractures  produced  in  heat 
treating  is  ordinarily  a   simple  matter,   when   once   i)roduced,   their 

(14)      Refer   to    (1). 
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quenchi^   o/fce 


gtjertc/fed    twice 


3  times 


quenched     A  times 


S  t/mes 


Fig.  9 — Photographs  of  "flaky"  fractures  in  low  tungsten-high  vanadium  high-speeJ 
steel  produced  by  repeated  quenching  from  23QO  degrees  Fahr.  without  intermediate 
ahnealing.     Magnificatiion    about    2^. 


elimination  becomes  most  difficult  for  as  shown  in  Table  XIII, 
single  and  repeated  annealing  treatments,  with  many  time-tempera- 
ture combinations,  have  not  been  completely  effective.  No  visible 
reduction  in  the  intensity  of  this  peculiar  crystalline  structure  was 
observed  until  annealing  was  carried  out  at  temperatures  above 
1600  degrees  Fahr.  The  most  complete  removal  was  obtained  with 
two  successive  annealing  treatments  at  1750  degrees  Fahr.  or  with 
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three  at  1650  degrees  Fahr.  (in  either  case  the  furnace  cooHng 
need  not  be  carried  below  about  1100  degrees  Fahr. 

Since  annealing  alone  is  an  ineffective  remedy  experiments 
were  carried  out  in  which  forging  and  annealing  were  combined. 
The  details  of  these  tests  are  given  in  Table  XIV. 

Reductions  in  cross-sectional  area  of  approximately  twenty 
per  cent  when  applied  in  conjunction  with  a  1600  degree  Fahr. 
anneal   prior   and   also    subsequent   to    forging    cause    but   a    slight 


Effect  of  Annealing  on   a 


Table  XIII 

High  Tungsten-Low  Vanadium 
Fracture. 


Steel    possessing    "Flaky" 


NOTE:  All  samples  hardened  4  times  as  follows:  preheated  at  1600  degrees  Fahr.  (20  min.), 
transferred  to  furnace  at  2300  degrees  Fahr.  (I'i  min.)  and  quenched  in  oil.  Re-hardening  (after 
annealing)  consisted  in  one  repetition  of  this  treatment. 


A 

nnealing 

Bar  No. 

First 

— Second- 

-      —Third- 

— Fourth  — 

Fracture 

Temp. 

Temp. 

Temp. 

Temp. 

after 

degreesTime 

degrees 

Time 

degreesTime 

degrees 

Time 

Rehardening 

Fahr. 

mm. 

Fahr. 

min. 

Fahr.     min 

Fahr. 

min. 

A  122-81 

(a)450 

30 

Strong  Flake 

85 

(a) 1100 

30 

Strong  Flake 

86 

(a)1250 

30 

Strong  Flake 

A  119-1 

1400 

60 

Strong  Flake 

A  122-34 

1500 

60 

Strong  Flake 

40 

•  1600 

60 

Strong  Flake 

32 

1650 

60 

Moderate  Flake 

44 

1650 

180 

Moderate  Flake 

42 

1650 

240 

Moderate  Flake 

88 

1800 

60 

Moderate  Flake 

A  119-2 

1550 

60 

1550 

60 

Strong  Flake 

3 

1650 

60 

1550 

60 

Moderate  Flake 

A  122-46 

1650 

60 

1650 

60 

Moderate  Flake 

38 

1650 

120 

1650 

60 

Moderate  Flake 

45 

1650 

180 

1650 

60 

Moderate  Flake 

43 

1650 

240 

1650 

60 

Moderate  Flake 

A  119-4 

1750 

60 

1550 

60 

Moderate  Flake 

6 

1750 

60 

1650 

60 

Moderate  Flake 

A  122-80 

1750 

60 

1750 

60 

Slight  Flake 

A  119-5 

1850 

60 

1550 

60 

Moderate  Flake 

7 

1850 

60 

1650 

60 

Moderate  Flake 

A  122-50 

1650 

60 

1650 

60 

1650       60 

Slight  Flake 

48 

1650(b)  10 

1650(b)  10 

1650       10 

Slight  Flake 

A  119-8 

1650  (c)20 

1650(c)  20 

1650(c)  20 

1650 

30 

Slight  Flake 

All  samples  furnace  cooled  to  nearly  room  temperature 

(a)  Drawing  operation  followed  by  air  cooling — no 

(b)  Furnace  cooled  to  1175  degrees  Fahr. 

(c)  Furnace  cooled  to  1100  degrees  Fahr. 


in  annealing  exceptjin  special  cases  noted 
re-hardening  treatment  given. 


diminution  in  the  intensity  of  the  "flake"  which  is  produced  in 
rehardening.  This  treatment  is  most  effective  for  the  low 
tungsten-high  vanadium  steel,  somewhat  less  so  for  the  high 
tungsten-cobalt  steel  and  is  of  practically  no  value  in  the  case  of 
the  high  tungsten-low  vanadium  steel.  Fifty  to  sixty  per  cent 
forging  reduction  is  more  effective  in  removing  the  "flaky"  frac- 
ture, and  is  apparently  less  dependent  upon  the  co-employment  of 
annealing  treatments  than  twenty  per  cent   forging  reduction.     In 
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Table 
Effect  of  Forging  and  Annealing  on  Several  Types 


Bar 

No. 

Dia. 

of 
Bar 

in. 

Hardening- 

Temp.       Time       Temp. 

degrees        min.        degrees 

Fahr.                            Pahr. 

Quenching 

Time       Me 
min. 


No. 

Forging 

Anne 

of 

.\nnealing 

Reduc- 

Temp. 

Treat- 

Temp.       Time 

tion 

degrees 

ments 

degrees        min. 

percent 

Fahr. 

Fahr. 

of  area 

Z3  l"s  1600  20  2300  4  Oil  4  1600  120 


Z5 

1    '  V 

1600 

20 

2300 

4 

Oil 

1600 

Z2 

IH 

1600 

20 

2300 

4 

Oil 

1600 

Z4 

1  '  s 

1600 

20 

2300 

4 

Oil 

1600 

Z7 

I's 

1600 

20 

2300 

4 

Oil 

None 

Z9 

\H 

1600 

20 

2300 

4 

Oil 

None 

Z6 

I's 

1600 

20 

2300 

4 

Oil 

None 

Z8 

IH 

1600 

20 

2300 

4 

Oil 

None 

H3 

IH 

1600 

20 

2400 

(d)S>2 

Oil 

1600 

HS 

Wi 

1600 

20 

2400 

(d)S'2 

Oil 

1600 

H2 

\v% 

1600 

20 

2400 

(d)5'.i 

Oil 

1600 

H4 

1 M 

1600 

20 

2400 

(d)S'2 

Oil 

1600 

H7 

IVs 

1600 

20 

2400 

(d)5i2 

Oil 

None 

H9 

\H 

1600 

20 

2400 

(d)S?2 

Oil 

None 

H6 

iVs 

1600 

20 

2400 

(C)5>2 

Oil 

None 

H8 

l^s 

1600 

20 

2400 

(d)5>2 

Oil 

None 

C2 

(e)l  1 

/16  1600 

20 

2400 

S 

Oil 

1600 

120  (a) 55  1600 

120  21  None 

120  (a)S5  None 
21  1600 

(a)55  1600 

21  None 

(a)55  None 

120  21  1600 

120  55  1600 

120  21  None 

120  55  None 

.       ..  21  1600 


120 


C8  (e)l  1/16   1600  20  2400  5  Oil  3  1600  120 

CI  (e)l  1/16  1600  20  2400  5  Oil  3  1600  120 

C7  (e)ll/16   1600  20  2400  5  Oil  3  1600  120 

C3  (e)l  1/16   1600  20  2400  5  Oil  3  None       

C4  (e)l  1/16   1600  20  2400  5  Oil  3  None        

C5  (e)  11/16    1600  20  2400  5  Oil  3  None       

C6  (e)l  1/16    16(K)  20  2400  5  Oil  3  None        

(a)  Reduced  20Vf   and  cooled;  reduced  3i'/l   additional  and  cooled. 

(b)  Tough  character  of  fracture  concealed  any  possible  "Hake." 

(c)  Power  off  on  second  quench — temperature  dropped — in  furjiacc  S  min. 

(d)  First  quench  6  min. 

(e)  Fine  machine  iinieh. 


55 

1601) 

21 

None 

55 

None 

21 

1600 

58 

1600 

22 

None 

58 

None 

22 

1600 

58 

1600 

22 

None 

58 

None 

l'J23 
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of  High-Speed  Steel  Possessing  "Flaky"  Fracture. 


ling 
Time 

Total 
Fracture  Forging 

Anne 
Temp. 

aling 
Time 

Preheat 

Reharden 

ng 

Quenchi 

ng— __ 

Fracture 

min. 

Reduc- 

degrees 

min. 

Temp. 

Time 

Temp. 

Time 

Medium 

tion 

Fahr. 

degrees 

min. 

degrees 

S  in. 

per  cent 

Fahr. 

Fahr. 

of  area 

1211 

1600 

20 

2300 

4 

Oil 

Very  Slight  Flake 
Center 

[...  . 

(b) 

1600 

20 

2.300 

V'i 

Oil 

Moderate  Flake 

\    120 

Doubtful      .... 

i<;oo 

120 

1600 

20 

2300 

3 

Oil 

Trace  of  Flake 

! . .  . 

80 

\(M) 

120 

\(M) 

20 

2300 

2 

Oil 

Clear 

16(KI 

20 

23(K) 

4 

Oil 

Strong  Flakes  va- 
ries    center     fo 
surface 

1600 

20 

2300 

3  H 

Oil 

Slight  Flake 

Slight  Flake 

l'<00 

120 

1600 

20 

2300 

2% 

Oil 

Clear 

80 

IWH) 

120 

1600 

20 

2300 

2 

Oil 

Clear 

120 

160<1 

20 

2300 

4 

Oil 

Strong  Flake 

f.... 

(b) 

1600 

20 

2300 

3H 

Oil 

Slight  Flake  local- 

]  120 

ized 

Doubtful 

1900 

120 

1600 

20 

■2300 

2 

Oil 

Trace  of  Flake 

I .  .  . 

80 

1600 

120 

1600 

20 

2300 

2 

Oil 

Clear 

1600 

20 

2300 

4 

Oil 

Strong  Flake 

1600 

20 

2300 

3'i 

Oil 

Slight     Flake     all 
over 

1:::: 

Strong  Flake 

l'(M) 

120 

1600 

20 

2300 

2 

Oil 

Clear 

80 

1600 

120 

1600 

20 

2300 

2 

Oil 

Clear 

120 

1600 

20 

2400 

4Ji 

Oil 

Strong  Flake  local- 
ized 
Strong  Flake 

(120 

1600 

20 

2400 

3^2 

Oil 

Mod.  Flake 

i?6o 

i20 

1600 

20 

2400 

2 

Oil 

Trace   of   Flake 

80 

1600 

120 

1600 

20 

2400 

■> 

Oil 

Trace  of  Flake 

1600 

20 

2400 

hi 

Oil 

Strong  Flake 

1600 

20 

2400 

■iVi 

Oil 

Strong  Flake 

'...-. 

Strong  Flake 

1900 

120 

1600 

20 

2400 

■> 

Oil 

Trace  of  Flake 

I... 

80 

1600 

120 

1600 

20 

2400 

2 

Oil 

Trace  of  Flake 

120 

1600 

20 

2400 

4  4 

Oil 

Strong  Flake 

1600 

20 

2400 

i'2 

Oil 

Very  Slight  Flake 
Center 

120 

Clear 

1900 

120 

1600 

20 

2400 

2 

Oil 

Clear 

80 

1600 

120 

1600 

20 

2400 

2 

Oil 

Trace  of  Flake 

1600 

20 

2400 

4Ji 

Oil 

Strong  Flake 

1600 

20 

2400 

3  4 

Oil 

Strong, Flake 

Strong  Flake 

1900 

120 

1600 

20 

2400 

2 

Oil 

Trace  of  Flake 

80 

1600 

120 

1600 

20 

2400 

-) 

Oil 

Trace  of  Flake 

120 

1600 

20 

2400 

4>2 

Oil 

Moderate     Flake 
Center 

1600 

20 

2400 

3 

Oil 

Very  Slight  Flake 
Center 

120 

Clear             

1900 

120 

1600 

20 

2400 

1'4 

Oil 

Clear 

83 

1600 

120 

1600 

20 

2400 

1'4 

Oil 

Clear 

1600 

20 

2400 

4>2 

Oil 

Strong  Flake 

1600 

20 

2400 

3 

Oil 

Very   slight    Flake 

Slight  Flake 

1900 

■  120 

1600 

20 

2400 

1»4 

Oil 

Clear 

8.1 

1600 

120 

1600 

20 

2400 

1?4 

Oil 

Clear 

120 

1600 

20 

2400 

4>2 

Oil 

Strong  Flake 

1600 

20 

2400 

3 

Oil 

Slight    Flake    one 

side 
Clear 

120 

Clear 

1900 

120 

1600 

20 

2400 

H4 

Oil 

83 

1600 

120 

1600 

20 

2400 

1'4 

Oil 

Clear 

1600 

20 

2400 

4 'a 

Oil 

Strong  Flake 

1600 

20 

2400 

3 

Oil 

Strong  Flake 

Strong  Flake 

1900 

120 

1600 

20 

2400 

1»4 

Oil 

Clear 

83 

1600 

120 

1600 

20 

2400 

1»4 

Oil 

Clear 
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3  tmes 


-4  times 


S  t)mes 


6  times 


Fig.  10 — Photographs  of  "flaky"  fractures  in  high  tungsten-low  vanadium  high-speed 
steel  produced  by  repeated  quenching  from  2300  degrees  Fahr.  without  intermediate 
annealing.  Magnification  about  2H-  Note  that  the  "flake"  is  not  as  pronounced  as  that 
in  the  low  tungsten-high  vanadium   steel  under  the  same   heat   treatments. 
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this  case  also  the  "flake"  persists  to  a  greater  degree  in  the  high 
tungsten-low  vanadium  steel  than  in  the  others.  Eighty  per  cent 
forging  reduction  followed  by  annealing  at  1600  degrees  Fahr.  or 
fifty  to  sixty  per  cent  forging  reduction  followed  by  annealing  at 
1900  degrees  Fahr.  removes  all  evidences  of  "flaky"  fracture  or 
at  most  leaves  a  mere  trace  of  the  previous  condition;  the  removal 
is  most  complete  in  the  high  tungsten-cobalt  steel  and  least  in  the 
high-tungsten-low   vanadium  steel. 

Thus,  forging  combined  with  annealing  is  an  effective  remedy 
for  "flake"  while  even  complicated  annealing  treatments  can  at 
best  minimize  this   undesirable   fracture. 

It  is  questionable  whether  the  remedial  methods  described 
could  be  applied  except  in  cases  where  conversions  into  smaller 
■tools  is  permissible  for  a  relatively  large  amount  of  hot  working 
is  required.  Prevention  of  "flake"  is  much  more  simple  than  its 
elimination  and  consists,  under  normal  shop  practice,  of  annealing 
all  tools  prior  to  rehardening. 

In  general  the  higher  the  reduction  in  forging  the  lower  can 
be  the  anneahng  temperatures  to  effect  a  cure.  It  is  also  of  interest 
to  note  that  the  high  tungsten-low  vanadium  steel  offers  the  greatest 
resistance  to  the  formation  of  "flake"  and  likewise  to  its  elimina- 
tion when  once  produced. 

IV.     General  Discussion  and  Conclusions 

One  of  the  outstanding  features  developed  in  this  investigation 
is  the  importance  of  the  time  factor  in  the  heat  treatment  of  high- 
speed steels.  Special  emphasis  is  placed  on  this  as  the  customary 
methods  of  treatment  adopted  by  the  industry  in  general  include 
accurate  control  of  temperatures  in  hardening  but  leave  the  time 
to  the  judgment  of  the  operator.  While  excellent  results  have 
been  obtained  in  many  respects  under  such  conditions  it  is  im- 
probable that  anyone  can  so  regulate  operations  day  after  day, 
by  obesrv'ing  the  appearance  of  tools  or  "sweating"  produced  in 
hardening,  that  desired  uniformity  in  results  can  be  obtained  in 
all  cases.  Accurate  control  of  both  time  and  temperature  with  suit- 
able instruments  is  necessary  to  guarantee  consistent  results. 

The  tests  made  also  throw  interesting  light  upon  several  factors 
to  be  considered  in  the  selection  of  steels  for  specific  service.  It 
has  been  shown  that  high-tungsten  steels  require  higher  hardening 
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lieats    to   produce   niaxinium   endurance   than    do   the   steels    low    in 
tungsten  and  that  the  addition  of  cohalt  raises  the  required  harden- 
ing  temperature    in    hoth    types    and    thus    increases    the    oxidation 
obtained    in    heat    treatment.      However,    the    former    are    not    a 
brittle  as  the  latter. 

In  cases  where  both  brittleness  and  the  surface  condition 
of  the  tool  following  treatment  are  unimportant  the  relative  merits 
of  the  four  .steels  may  be  considered  to  be  approximately  as  given 
in  the  last  paragraph  of  Section  II 1-6.  When  brittleness  is  to  be 
avoided  but  oxidation  is  unimportant  the  high  tungsten-cobalt  steel 
has  a  decided  advantage  over  the  other  three  for  its  endurance 
is  much  greater  than  the  two  steels  without  cobalt  and  it  is  not 
nearly  as  brittle  as  the  low  tungsten-cobalt  type  which  has  only 
slightly    better   average    endurance    at    the    highest    cutting    speeds. 

The  low-tungsten  steels  with  or  without  cobalt  additions 
are  to  be  preferred  when  brittleness  is  unimportant  and  the 
tooJ  can  be  well  supported  but  severe  oxidation  is  to  be  avoided. 
A\'hile  the  low  tungsten-cobalt  steel  A  requires  a  somewhat  higher 
temperature  than  the  steel  C,  which  is  cobalt-free,  its  endurance 
is  somewhat  greater.  However,  when  the  hardening  temperature 
for  the  low  tungsten-cobalt  steel  "A"  is  reduced  to  that  recom- 
mended for  the  low  tungsten-high  vanadium  steel  "'C"  both  have 
more  nearly  comparable  endurance.  This  is  indicated  in  Fig 
1    and   substantiated   in   tests  contained   in  a   previous   report^'^\ 

It  is  more  difficult  to  ix)int  out  decided  advantages  fc>r 
any  one  of  the  four  steels  when  maximum  tool  endurance  and 
minimum  oxidation  and  brittleness  are  all  required.  The  choice, 
under  such  conditions,  would  depend  upon  the  relative  importance 
of.  and  quite  probably  be  a  compromise  between  the  several  factors 
considered. 

There  is  evidently  no  one  steel  which  meets  all  requirements 
of  service  for  each  has  special  advantages  and  disadvantages. 
The  addition  of  cobalt  to  high-speed  steels  permits  the  use  of 
higher  hardening  heats  and  so  imparts  a  greater  cutting  capacity 
but  does  not  change  the  characteristics  of  the  two  basic  types, 
namely,  low  tung.sten-'liigli  vanadium  and  higii  tungsten-low 
vanadium    steels. 

The   endurance   of    high-speed    .steels    subjected    to    the    severe 


(15)     Refer  to   (1). 
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service  (Ic'scrihed  in  tlic  first  two  sets  of  tests  was  atfected  to  a 
relatively  small  degree  hy  variations  in  teniiiering  subsetiuent 
to  hardening.  The  frictional  temperatures  produced  were  not 
less  than  1400  degrees  Fahr.  which  is  higher  than  that  required  to 
decompose  the  martensitic  groundmass  of  the  hardened  steel. 
The  degree  of  red  hardness  was  therefore  considered  a  function 
of  the  quantity  and  characteristics  of  the  constituents  formed 
at  the  high  heats  used  in  hardening  (2200  to  2500  degrees  Fahr.), 
as  indicated  by  thermal  analysis,  and  largely  independent  of  the 
properties    of    the    groundmass. 

If  this  is  so  the  question  naturally  arises  why  tools  which 
will  cut  under  frictional  temperatures  of  1400  degrees  Fahr. 
would  be  entirely  ruined  if  tirst  tempered  at  this  same  temperature. 
While  no  final  answer  can  be  given,  there  are  a  number  of  im- 
portant differences  between  tempering  a  tool  and  subjecting  it  to 
service  at  such  high  temperatures.  In  the  first  place  the  ordinary 
method  of  tempering  consists  in  exjx)sing  the  hardened  steel  to  this 
temperature  for  a  longer  time  than  any  of  the  tools  would  cut. 
Also  it  is  well  known  that  pressure  as  well  as  temperature  markedly 
affects  many  atomic  or  molecular  reactions.  Temperature  alone  is 
applied  to  the  steel  in  tempering  whereas  in  cutting  metals  both 
high  temperature  and  pressure  are  obtained.  It  is  therefore  con- 
ceivable that  the  pressure  tends  to  retard  the  reactions  which  would 
take  place  at  a  given  temperature  and  so  tend  to  prevent  complete 
reversal  of  the  changes  produced  in  the  hardening  or  at  least 
make  them  take  place  so  slowly  that  the  tools  will  cut  for  a  de- 
linite  length  of   time  at  such  high   heats  before   failure  occurs. 

The  ])rincii>al  conclusions  to  be  drawn  from  the  described 
tests  may  be  summarized  as   follows : 

(  1 )  The  endurance  of  high-speed  steels  is  affected  to  a 
marked  degree  by  the  high  heat  temperature  used  in  hardening 
and  ri.ses  rapidly  with  increase  above  2200  degrees  Fahr.  However, 
a  point  is  finally  reached  where  a  further  temperature  rise  is  no 
longer  attended  by  a  commensurate  increase  in  the  endurance 
and  if  high  enough  heats  are  employed  a  decrease  will  be  observed 
coincident  with  a  partial  melting  of  the  steel.  Under  otherwise 
fixed  conditions  there  is  therefore  a  high  heat  temperature  which 
results  in  maximum  endurance  but  this  varies  with  composition. 
It  is  higher   in   the  18  per  cent  tungsten  than  in  the   13  per  cent 
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tungsten  steels  and  is  raised  in  both  types  l)y  the  addition  of  3  to 
5  per  cent  colialt. 

(2)  The  l)est  hardening  temperatures  for  the  four  main  types 
of  high-speed  steel,  to  be  used  as  lathe  tools  umler  severe  ser- 
vice, are  considered  to  be  about  as  follows : 

2350  degrees  Fahr.  for  low  tungsten-high  vanadium  steel 
2400  degrees  Fahr.   for  high  tungsten-low  vanadium   and  • 

low  tungsten-cobalt  steels 
2450   degrees    Fahr.    for    high    tungsten-cobalt    steel 

These  temperatures  are  a.  compromise  between  several  factors 
including  tool  endurance  and  brittleness. 

(3)  The  endurance  of  high-speed  steels  is  likewise  depend- 
ent upon  and,  within  limits,  increases  with  the  time  at  high  heat. 
In  tests  made  with  high  tungsten-low  vanadium  steel,  tools  lield  3 
minutes  at  2280  degrees  Fahr.  had  superior  endurance  to  those 
held  50  seconds  at  2400  degrees  Fahr.  but  were  not  as  good  as 
those  subjected  to  the  latter  temperature  for  II/2  niinutes.  There- 
fore for  consistent  results  both  time  and  temperature  should  be 
controlled  by  suitable  instruments. 

(4)  High-speed  steels  subjected  to  the  severe  service 
described  were  found  to  have  endurance  characteristic  of  the  high 
temperature  treatment  used  in  hardening  and  this  was  not  modi- 
fied to  any  great  degree  by  an)-  subsequent  tempering  up  to  and 
including  1100  degrees  Fahr.  However,  the  higher  the  temper- 
ing temperatures  the  tougher  did  the  steel  become.  Thus  the  most 
important  reason  for  tempering,  in  this  case,  is  not  increased  endur- 
ance but  decrease  in  brittleness. 

(5)  Length  shrinkage  or  expansion  may  be  produced  in 
hardening  a  high-speed  steel  from  a  given  temperature,  if  this  is 
not  too  high,  by  varying  the  treatment  prior  to  hardening.  This 
includes  both  preliminary  annealing  and  the  manner  of  heating 
for  hardening.  However,  the  higher  the  quenching  temperature 
and  the  time  at  high  heat,  within  limits  ordinarily  encountered 
in  commercial  heat  treatment,  the  greater  will  be  the  expansion  or, 
under  certain  conditions,  the  less  will  be  the  shrinkage.  Likewise 
tempering  subsequent  to  hardening  may  be  used  to  reduce  original 
length  shrinkage  or  expansion  but  the  final  length  will  approxi- 
mate the  original  only  in  certain  cases.  The  tempering  which  will 
produce  this  ideal  condition  will  vary  widely  in  a  given  steel   de- 


1923  LATHE     TOOL     PERFORMANCE  395 

pending  upon  the  previous  history  of  the  samples  but  in  no  case 
is  it  possible  to  completely  compensate  for  hardening  changes  in 
two  dimensions. 

(6)  In  a  series  of  tests  on  nickel  steel  forgings  in  which 
the  cutting  speed  was  varied  from  about  45  to  70  feet  per  minute, 
high-speed  steels  containing  about  3.5  per  cent  cobalt  had  much 
greater  endurance  than  the  plain  chromium-tungsten-vanadium 
steels.  Under  the  most  severe  service  the  low  tungsten-cobalt 
type  was  superior  to  the  high  tungsten-cobalt  steel  but  at  the 
lowest  speeds  both  had  comparable  endurance.  Comparisons  of 
the  four  steels  tested  when  based  on  the  breakdown  test,  showed 
the  following  average  order  of  superiority : 

Per    Cent 

Low   tungsten-cobalt   steel    98 

High  tungsten-cobalt  steel  90 

Low  tungsten-high  vanadium  steel   68 

High  tungsten-low  vanadium  steel    47 

(7)  Low-tungsten  steels,  with  or  without  cobalt  additions 
are  more  sensitive  to  heat  treatment  than  the  high-tungsten  types. 
They  are  more  brittle  when  hardened  for  maximum  endurance  but 
require  lower  hardening  temperatures  than  do  the  corresponding 
high-tungsten  steels.  These  features,  in  addition  to  comparisons 
of  endurance,  must  be  considered  in  selecting  steels  for  particular 
service.  No  one  type  of  high-speed  steel  meets  all  requirements 
but  each  has  its  advantages  and  disadvantages. 

(8)  Both  the  "Breakdown"  and  "Taylor"  tests  have  limi- 
tations and  cannot  wholly  replace  the  method  of  using  tools  in  the 
shop  to  determine  just  what  they  will  do.  However,  much  worth- 
while information  of  practical  value  can  be  obtained  in  relatively 
short  time  by  careful  interpretation  and  correct  application  of  re- 
sults obtained  by  either  test. 

(9)  In  normal  shop  practice  so-called  "flaky"  steel  may  be 
produced  through  the  hardening  of  long  lengths  of  lathe,  planer 
and  shaper  tools  followed  by  dressing  operations  in  which  only 
part  of  the  previously  hardened  steel  is  heated  to  annealing  tem- 
peratures which  would  ordinarily  prevent  its  occurrence.  As 
"flaked"  steel  is  brittle  and  showed  a  tendency  toward  erratic 
results  in  lathe  tests  its  production  is  to  be  avoided. 

(iO)     Prevention  of  "flaky"  fractures  in  ordinary  high-speed 
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Nteel  in  licat  treatment  is  much  more  simple  thin  elimination  and 
may  be  accomplished  hy  annealing  between  successive  hardening 
treatments.  In  no  case,  when  once  produced,  was  complete  elimina- 
tion effected  by  annealing  alone  though  certain  complicated  treat- 
ments left  mere  traces  of  this  structure  upon  rehardening.  How- 
ever, combined  forging  and  annealing  completely  removed  severe 
"flake"  in  all  steels  tested.  In  general  the  greater  the  reduction 
in  forging  the  lower  was  the  annealing  temperature  required  for 
a  cure    (within   limits). 

(11)  High  tungsten-low  vanadium  steels  offered  the  greatest 
resistance  to  the  formation  of  "flake"  and  likewise  to  its  elimination 
when   once  produced. 

Acknowledgment  is  made  to  Miss  I.  J.  W'ymore,  assistant 
chemist  and  H.  C.  Cross,  laboratory  aid.  Bureau  of  Standards 
for  taking  the  thermal  curves  contained  in  this  report;  to  T.  H. 
Johrden.  machinist  inspector,  U.  S.  Xaval  Gun  Factory  for  assist- 
ing in  all  the  lathe  tests  and  to  J.  W.  Talley  and  T.  Hamill. 
respectively  assistant  chemist,  U.  S.  Xaval  Gun  Factory  and 
laboratory  aid  at  the  Bureau  of  Standards  for  assistance  rendered 
in   connection   with   the  heat  treatment   of    samples. 
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ACTIVITY  OF  SUB-COMMITTEE— I,  ON  RECOMMEND- 
ED PRACTICE  FOR  TREATMENT  OF  TOOL  STEEL 
DURING    1922-23 

^  I  ^HE    selection    of    the    memljers    of    this    committee    from    the 

-^    Pittsburj^h     district     ( which     took    place    the    latter    part    of 

October.    1922)    was    a    i)ropitious   act   l)v    our    president,    as    it    is 

])robable  that  in  no  other  conimunit}' could  a  combination  of  repre- 


W.    J.    MERTEX 
Chairman — Siib-coiiiniittee — 1,     on     tlie    Treatment     of    Tool     Steel 

sentatives  of  tool  steel  users  and  manufacturers  be  found  con- 
centrated in  so  limited  an  area  as  within  the  boundary  line  of  the 
Pittsburgh  chapter  of  the  A.  S.  S.  T. 

The  committee  is  composed  of  four  users  and  three  manu- 
facturers of  tool  steels,  as   follows: 

User  Manufacturer 

M.    E.    McDonnell  J.  A.   Succop 

C.    I.    Neidringhaus  F.   Garratt 

W.    H    Phillips  J.    Trautman 
W.   J.   Mcrten,    Chairman 

One  of  the  manufacturers'  reprcseniativcs — a  manufacturer 
of  die  blocks — is  also  partly  a  user. 

The  overbalancinj<  ]K)sition  of  the  users — four  to  three— was 
immediately  recognized  as  a  decided  advantage  since  the  hnal  treat- 
ment of  these  classes  of  steels  rests  ])rincipally  with  the  users. 
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The  committee  held  their  meeting  in  the  Old  Colony  club 
quarters  in  the  William  Penn  hotel,  Pittsburgh,  Pa.  At  the  first 
meeting  it  was  decided  that  the  committee  devote  its  entire  effort 
on  the  treatment  of  carbon  tool  steel,  and  if  the  time  permitted, 
one  grade  of  high-speed  steel — the  18  per  cent  tungsten  steel — 
in  their  program   for  the  ensuing  year. 

After  three  sessions  a  tentative  draft  of  these  specifications 
for  recommended  practice  was  presented  to  the  Standards  commit- 
tee at  their  New  York  session  on  March  5,  1923. 

Revisions  and  additions,  per  the  recommendation  of  the 
Standards  committee  were  discussed  and  acted  upon  at  meetings 
held  during  March,  April,  May  and  June.  The  following  revised 
and  complete  recommended  Process  Specifications  for  the  heat 
treatment  of  carbon  tool  steels  and  18  per  cent  tungsten  high-speed 
tool  steels,  were  submitted  to  the  Standards  committee  at  their 
second  meeting  held  in  Bethlehem  June  13,  1923.  The  records, 
minutes,  transactions  and  recommendations  of  this  session  are  re- 
ported in  the  succeeding  pages. 

It  is  felt  that  the  work  of  the  committee  has  been  entirely 
successful  in  establishing  a  foundation  upon  which  to  build  the 
entire  structure  of  the  practice  of  heat  treatment  of  tool  steels. 

RECOMMENDED    PRACTICE    IN    THE    HEAT    TREAT- 
MENT OF  PLAIN  CARBON  TOOL  STEEL 

This  is  a  tentative — Recommended  Practice — approved  by  the  Standards 
Committee  of  the  A.  S.  S.  T.  and  will  remain  tentative  until  such  time  as 
it  is  adopted  through  letter  ballot  of  the  membership  of  the  Society. 

General — 

This  specification  covers  the  process  to  be  followed  in  the 
heat  treating  of  plain  carbon  tool  steel. 

Part  I 
Normalizing  of  Tool  Steel  Before  Hardening 
PROCESS- 
Heating. 
Cooling. 
Heating:     Place  steel  into  furnace  so  as  to  expose  maximum  sur- 
face area.     Heat  uniformly  to  a  temperature  above  the  upper 
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.  critical  point  indicated  in  Table  I  below  and  hold  at  this  tem- 
perature for  sufficient  time  to  obtain  complete  penetration  of 
heat  and  refinement  of  grain. 

Cooling:     Remove   from    furnace   and   cool    freely   in   air. 


Table  I 

Normalizing 

Carbon  Range  and  Normalizing  Temperature 

Carbon  Degrees  Fahrenheit  Degrees  Centigrade 

0.65  to  0.80  per  cent  1475-1525  800-830 

0.80  to  0.95  per  cent  1475-1500  800-815 

0.95  to  1.10  per  cent  1500-1575  815-860 

1.10  to  1.25  per  cent  1575-1650  860-900 

Cross  Sections,  JVeight  and  Time 

Thickness  of      Weight  of  Unit     Approximate  time    Approximate  time 
Largest  Section  in  Pounds  of  heating.  of  soaking, 

of  Unit  (Approximate)  In  hours.  In  hours. 

Up  to  and  Up  to  100  M  Vz 

including  1  inch 

Over  1  inch  and       Over  100  and  134  H 

including  2  inches    including  300 

Over  2  inches  and    Over  300  and  1^  ?4 

including  3  inches    including  500 

Over  3  inches  and    Over  500  and  234  1 

including  4  inches    including  1000 

Over  4  inches  and    Over  1000  and  2%  1 

including  5  inches    including  1500 

Over  5  inches  and    Over  1500  and  33^  13^ 

including  8  inches    including  2000 


Part    II 
Heat  Treating  of  Plain  Carbon  Tool  Steel 

Process — 

Operations : 

Heating    for    quenching. 
Quenching. 

Tempering   or   drawings. 
Heating:     Heat  the  steel   uniformly  to   the   temperature   indicated 
in   Table   H. 
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Quenching:     Quench   from  this  temperature  in  water  but  do  not 
cool  below  temperature  of  boiling  water   (212  degrees  Fahr.). 

\ 

Table  II 
Heat  Treating 

Carbon  Range,  Percent      0.65-0.80         0.81-0.95  0.96-1.10  1.I1-I.25 

Hardening                              1550-1450         1460-1410  1390-1430  1380-1420 

Temperature                             Degrees            Degrees  Degrees  Degrees 

Fahrenheit       Fahrenheit  Fahrenheit  Fahrenheit 

Quenching                                Water  at          Water  at  Water  at  Water  at 

Medium  and                          70  Degrees       70  Degrees  70  Degrees  70  Degrees 

its  temperature                     Fahrenheit       Fahrenheit  Fahrenheit  Fahrenheit 


Tempering  or  Drawing :  Reheat  immediately  in  oil  or  salt 
(NaNOg)  or  furnace  for  the  time  and  at  the  temperature 
specified   in   Table   HI   and  cool. 


Table  III 
Tempering  or  Drawing  Tool  Steel 

Results  Desired         Tempering  Medium  Temperature 

Relieving  Strains  Oil  350  to  375  Degrees  Fahrenheit 

Strain  Relieving 
and  Reduction  of 
Brittleness  Oil  400  to  500  Degrees  Fahrenheit 

To  relieve  strains 

and  Toughen  Oil  500  to  600  Degrees  Fahrenheit 


Notes  About  the  Process 


(aj   Gexekal- 


The  recommended  practice  for  the  heat  treatment  of 
tool  steel  applies  to  highest  quality  performance  of  tools 
for  general  purposes  only.  For  .specific  applications  where 
special  structural  requirements  seem  to  be  necessary,  devi- 
ation from  the  recommended  practice  must  be  left  to  the 
judgment  of  the  individual  lieat  treater  or  metallurgist. 


\')2^ 
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(  1)  )     XoRMAIJZIXc; — 


A  normalizing  treatment  for  all  tool  steels  is  recom- 
mended to  obtain  a  uniform  and  refined  grain  structure, 
which  enables  the  operator  to  predict  the  behavior  and 
performance  of  the  steel  tool  during  heating  and  quench- 
ing for  hardening. 

'Jhe  variation  in  temperature  for  the  different  carbon 
ranges   becomes   evident   upon   a   careful    examination   of 
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Critical  Range  Diagram 

For 

Iron -Car  EON  Alloys 


VUmS37.7 


0   .10  .20  .30.40  .so  .60  .70  BO  .90  1.00  I.IO  /.eO  1.30  1.40  ISO  /.6C 

Per  Cent  Carbon 

Critical    Range    Diagram    lor    Iron-Carhon    Alloys,    Showing     Normalizing,     Annealing 
and     Hardening    Ranges. 

the  critical  range  diagram.  A  temperature  very  much 
in  excess  of  that  required  to  produce  solid  solution 
(austenite)  is  conducive  of  austenitic  grain  growtli  and 
intergramilar   weakness. 

-A.   low   normalizing   temperature    for   high-carbon    steels 
(1.25-1.50  i)er  cent   carbon)    which    fails  to  break   up  the 
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massive  cementite,  results  in  a  brittle  structure,  since 
the  rate  of  diffusion  of  the  excess  cementite  depends 
upon  the  temperature.  The  solubility  of  carbide  in  iron 
being  greater  or  increases  as  the  temperature  rises,  the 
rate  of  this  solubility  is  equivalent  to  the  slope  of  the  Acm. 
line  in  the  diagram. 

The  higher  nomalizing  temperatures  given  in  Table  I 
apply  to  the  lower  carbon  ranges  and  the  lower  tempera- 
ture to  the  higher  carbon  ranges  for  steel  of  the  hypo- 
eutectoid  composition,  or  in  other  words,  "the  normaliz- 
ing temperatures  for  hypo-eutectoid  steels  varies  indi- 
rectly as  the  carbon  percentage  rises  or  falls ;  and  the 
normalizing  temperature  of  hyper-eutectoid  steels  varies 
directly   with   the   percentage   of    carbon." 

(c)  Heating   for   Quenching — 

(a)  The  wide  range  of  temperature  in  the  0.65  to 
0.80  per  cent  carbon  steel  is  needed,  as  a  number  of 
tools  such  as  shear  blades,  arbors,  mandrels,  and  others, 
are  all  around  the  low  point,  and  because  of  mass  .and 
forms,  require  somewhat  higher  temperatures  for  quench- 
ing- 

(b)  The  quenching  temperatures  given  are  at  the  lowest 
temperature  range,  consistent  with  highest  quality  of 
tools ;  deviations  from  it  are  not  recommended,  but  may 
be  practical   for  diverse   reasons. 

Quenching — 

Water  is  the  universal  quenching  medium  and  by  vary- 
ing its  temperature  and  manner  of  application  for  the 
abstraction  of  heat,  almost  any  degree  of  variation  of 
structural  conditions  of  the  tool  steel  can  be  obtained. 
There  are,  however,  special  cases  where  oil  may  be  a 
more  suitable  quenching  medium. 

Carbon    Steels    Suitable    for    Various    Uses 

Application 
Carbon   Content   0.65    to   0.85   Per   Cent 
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Shear  blades,  boiler  snaps  and  cups,  hammers,  stamping  and 
pressing    dies,    mining    drills. 

Carbon    Content    0.81    to    0.95    Per    Cent 

Hot  and  cold  sets,  chisels,  dies,  shear  blades,  mining  drills,  smiths 
tools,  set  hammers,  swages,  flatteners. 

Carbon    Content   0.96    to    1.10    Per    Cent 

Small  cold  chisels,  hot  sets,  small  shear  blades,  large  pinchers, 
large  taps,  granite  drills,  trimming  dies,  turning  tools,  planer 
tools,  drills,  cutters,  slotting  and  milling  tools,  mill  picks,  circular 
cutters,  small  shear  blades,  threading  dies. 

Carbon    Content    1.11    to    1.25    Per    Cent 

Small  cutters,  small  taps,  drills,  slotting  and  planing  tools, 
wood  cutting  tools,  turning  tools,  razors,  etc. 

Suitable  Tempering  Heats  for  Various  Tools 

Temperature — 350    to    390    Degrees   Falir. 

Lathe  tools  for  brass  and  copper  alloys.  Milling  cutters  for 
brass   and   copper  alloys.  Scraper   and   cutting   tools    for    soft 

metals  and  micarta.  Drawing  mandrels,  drawing  dies,  bone 
cutting  tools,  hammer-faces,  steel  engraving  tools,  wood-carv- 
ing tools,  cutting  tools  for  iron  and  steel,  hand  tools,  thread- 
ing dies   for  brass. 

Temperature — 400    to    500   Degrees    Fahr. 

Hand  taps  and  dies,  hand  reamers,  drills,  bits,  cutting  dies, 
penknives,  milling  cutters,  chasers,  inserted  sawteeth,  press  dies 
for  sheet  steel,  rock  drills,  taps  and  dies,  wire  drawing  dies, 
dental  and  surgical  instruments,  twist  drills. 

Temperature  500  to  600  Degrees  Fahr. 

Bending  and  forming  dies,  shear  blades,  chuck  jaws,  forging 
dies,  drifts,  gages,  press-dies,  flat  drills,  reamers,  chisels  and 
tools  for  woodcutting,  hammers  and  drop  dies,  axes,  lathe  tools 
for  copper  augers,  cold  chisels,  coppersmith  tools,  grinders,  screw 
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drivers,    luoldinj^    and    planing    tools,    hacksaws,    needles,    butcher 
knives,   saws   and   tools. 

RECOMMENDED    PRACTICE    IN    THE    HEAT    TREAT- 
MENT   OF    18    PER    CENT    TUNGSTEN    HIGH- 
SPEED  STEEL 

This  is  a  tentative — Rfxommexded  Practice — approved  by  the  Standards 
Committee  of  the  A.  S.  S.  T.  and  will  remain  tentative  until  such  time  as 
it   is  adopted  through   letter  ballot   of   the   membership  of   the   Society. 

(iEXER.\L 

This  specification  covers  the  process  to  be  followed 
in  heat  treating  high-speed  steel. 

Process — 

Operations;. 

(1)  Heating    for   normalizing    (or   annealing). 

( 2)  Cooling. 

(3)  Heating    for     hardening — (a)      Preheating — (b) 
Heating  for  quenching. 

( 4 )  Quenching. 

(5)  Drawing  for  secondary  hardness. 

(  1  )      Heating  for  normalizing  : 

Heat  slowly  and  uniformly  to  a  temperature  of  1600 
degrees  Fahr.  (871  degrees  Cent.)  and  hold  for  com- 
plete   refinement. 

(2)      Cooling: 

Cool    in    furnace,    infusorial   earth,   mica,    lime   or   any 
medium   that    will   permit  of   uniform    slow   cooling. 
(  3  )      Heating  for  Hardening  : 

(aj  Preheating — Heat  slowly  and  uniformly  to  1500 
degrees  Fahr.  (816  degrees  Cent.)  in  a  furnace  of  suffi- 
cient size. 

(b)  Heating  for  Quenching — Transfer  preheated 
steel  to  a  high  temperature  furnace  that  is  maintained 
at  a  temperature  of  2250  degrees  Fahr.  (1232  degrees 
Cent.)  to  2400  degrees  Fahr.  (1315  degrees  Cent.), 
depending    on    the    type    of    tools    being    hardened. 

In  order  to  obtain  the  most  satisfactory  "red  hardr.ess" 
conditions,   the    steel    should   be    brotight    rapidly    to    the 
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higher  teni])eraturc-.  hut  in  many  cases  the  character  of 
the  cutting  edge ;  of  certain  form  tools,  such  as  milling 
cutters,  threading  tools,  etc.,  makes  it  inadvisahle  to  use 
the  higher  temperatures  owing  to  destruction  of  the 
delicate  edges  through  blistering,  pitting,  etc.  It  is, 
therefore,  usual  to  use  the  higher  temperatures  for  tools 
such  as  rough  lathe  tools,  while  the  finer  class  of  tools 
is  hardened  at  the  lower  temperatures. 

High-speed  steel  tools  should  not  be  held  at  the  high 
heat  longer  than  necessary,  since  holding  at  the  high 
hardening  temperatures  required  causes  excessive  grain 
growth,  with  subsequent  brittleness  of  the  hardened 
tools. 

Tools  that  cannot  be  ground  after  hardening,  are  often- 
heated  in  a  barium  chloride,  or  some  such  suitable  bath. 

(4j      Quenching: 

Quench  the  steel  in  oil.  or  air.  from  the  liardening 
temperature.  It  is  advisable  to  maintain  the  oil  quench- 
ing bath  at  a  temperature  of  150-200  degrees  Fahr. 
(65-93  degrees  Cent.)  to  eliminate  possibility  of  break- 
age  with   intricately   shaped   tools. 

(5j      Ih'aiciny  for  Secondary  Hardness: 

Reheat  uniformly  in  an  open  furnace,  or  preferably  in 
a  salt  (NaNO.,)  or  lead  bath,  to  1050-1150  degrees 
Fahr.  (565-631  degrees  Cent.)  for  a  sufficient  length 
of  time,  and  cool  in  air  or  oil  as  preferred. 

Notes  About  the  Process 

Cooling  From  Xokm.vli/.ixc — 

Cooling  in  air  should  uol  be  permitted,  since  air  cool- 
ing from  the  normalizing  temperature  is  apt  to  result 
in  ])artial   hardening  of  the  tool. 

Hi:atix<;   For   Ii.\Ri)i:xiNt; — 

It  is  the  customary  practice  to  always  preheat  for 
hardening    in    an    open    furnace,    since    preheating    in    a 
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salt  bath  causes  the  salt  to  adhere  to  the  tool,  and  the 
subsequent  high  temperature  treatment  causes  unusual 
corroding  from  the  adhering  salt.  Even  preheating  in 
lead  is  objectionable  from  small  quantities  of  adhering 
lead.  There  is  not  much  advantage  to  be  gained  in  using 
a  molten  bath  for  the  preheating,  since  the  preheating 
temperature  may  vary  o^"er  the  comparatively  wide  range 
of  1400  to  1600  degrees  Fahr.,  and  an  open  furnace  is 
invariably   used   in   practice. 

QUENCHIXG    FROM     DRAWING    TEMPERATURES 

This  should  be  optional  with  the  steel  treater,  as 
quenching  from  the  drawing  temperature  does  not  give 
increased  toughness  over  samples  that  have  air  cooled. 
Evidently  the  increased  toughness  resulting  when  car- 
bon or  chrome-vanadium  steels  are  quenched  from  draw- 
ing temperatures  of  700  to  1000  degrees  Fahr.  does  not 
apply  to  high-speed  steels,  as  impact  tests  on  oil  cooled 
and  air-cooled  samples  show  no  difference  in  favor  of 
the  oil-cooled  pieces. 
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ACTIVITIES   OF   SUB-COMMITTEE— IV,    PYROMETRY, 
DURING   1922-23 

SUBCOMMITTEE  IV,  Pyronietry,  was  organized  for  the 
purpose  of  developing  in  practical  form  useful  information 
concerning  pyrometers,  to  be  presented  to  the  members  of  the 
A.  S.  S.  T.  in  "data  sheet"  form,  sul:)ject,  of  course  to  their  ap- 
proval. 

llie  procedure  was  an  evolutionary  development  of  the  work 
accomplished    by    the    standards    committee    of    the    previous    year. 


J.    H.    G.    WILLIAMS 
Chairman    Sub-Committee   IV,    on    Pyrometry. 

Although  that  committee  presented  no  definite  report  at  the  last 
convention,  nevertheless  it  devoted  much  time  and  effort  to  the 
subject  of  pyrometers.  It  was  felt  by  that  committee  that  there  was 
a  demand  in  the  metal  treating  industry  at  large,  for  practical 
information  pertaining  to  the  fundamental  principles  of  pyrometers, 
their  construction,  their  care,  and  their  proper  use. 

The  subject,  however,  did  not  lend  itself  to  standardization 
as  standardization  is  ordinarily  interpreted.  Gradually  the  idea 
developed  that  the  demand  could  best  be  answered  by  the  publica- 
tion of  brief,  concise  facts,  in  clear  everyday  language  and  that 
this  information  could  be  obtained  most  advantageously  from  men 
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thoroughly   acf|uainte(l    with   all    phases    of    pvrometcr    inamifacture 
and    practice. 

lO  faciHtate  the  hoKhng  of  meetings,  the  selection  of  the 
various  memhers  was  made  with  reference  to  Philadelphia  as  a 
geographical    center. 

.    The  personnel  of  suhcommittee  \\\  as  aj)pointed  In'  President 
Lvnch  is  as  follows: 


J.    H.    G.    Williams,   Billings    and    Spencer    Co.,    Hartford.    Conn.    (Chairman). 

.1.    J.     Crowe,     Met.,     Philadelpliia     Xavy     Yard,     Philadeli>hia,     J'a. 

\V.     H.    Laury,    Betlilehem    Steel    Co.,    Bethlehem,    Pa. 

J.    E.    HalbinR,    Willys -Morrow    Co.,    Elmira,    X.    Y. 

C.    H.    Wilson,    Pres.,    Wilson-Maeulen    Co.,    Xew    York    City. 

Morris    E.    Leeds,    Pres..    Leeds    &    Xorthruii    Co.,    Philadelphia,    Pa. 

R.    P.    Brown,   Pres.,    Brown    Instrument    Co.,    Philadelphia.    Pa. 

C.   O.   Fairchild,   Physicist,   Bureau   of   Standards,    Washington,   D.    C. 


At  the  lirst  meeting  of  the  suhcommittee  \\ ,  very  careful  con- 
sideration was  given  to  the  ideas  of  the  standards  committee, 
and  it  was  agreed  that  their  plans  represented  the  best  crystalized 
expression  of  the  policy  to  pursue  in  the  handling  of  such  an 
intractable   subject   for   standardization. 

Briefly,  the  :iiethod  employed  in  developing  the  subject,  was 
to  hold  a  free  discussion  in  wdiich  a  careful  record  was  made  of 
all  the  ideas  expressed ;  then  to  compile  these  ideas  in  logical  form. 
sending  copies  to  each  member  for  written  criticism.  In  this  matter 
a  composite  expression  of  every  man  on  the  committee  is  incor- 
porated in  the  final  report. 

Following  this  outline  the  refxirt  has  been  digested,  and 
filtered  three  tim.-s.  It  has  been  approved  by  the  subcommittee. 
ap])roved  by  the  standards  committee,  and  is  now  submitted  to 
the  society  as  a  whole  for  their  verdict.  It  is  submitted  in  the 
belief  that  it  expresses  useful  and  incontrovertible  facts,  stated  in 
such  a  manner  that  any  man  able  to  read  thoughtfully,  can  obtain 
a  definite  idea  of  the  principles  u]X)n  which  the  pyrometer  is  based, 
without  l:»eing  confused  by  technical  terms;  also  a  working  know- 
ledge of  the  construction  of  jn'rometers.  and  finally,  definite  instruc- 
tions as  to  their  proper  use. 

The  societv  is  indebted  to   the  members   of   this   subcommittee 
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for  their  unselfish  expenditure  of  time,  and  hroad  attitude  in 
expressing  the  subject  without  tint  of  commercialisni. 

The  chairman  \vi>hes.  to  thank  the  meml)ers  of  the  subcom- 
mittee, and  their  representatives  for  their  ])atience.  friendly  co- 
operation, and   deep  interest. 

Furthermore,  be  desires  to  call  to  the  attention  of  the  society 
that  the  drudgery  (  f  sifting  the  data,  compiling  and  rewriting  it. 
many  times,  until  it  was  approved  by  all  members  of  the  subcom- 
mittee was  performed  by  C.  O.  Fairchild.  of  the  U.  S.  Bureai:  of 
Standards.  It  is  du'.  to  his  steady  work,  and  discriminating  judg- 
ment, that  the  society  has  obtained  an  ex]X)sition  of  literary.  a-« 
well  as  .scientific  merit. 
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PYROMETRY 

Notes  on  Thermoelectric  Pyrometers 

and 

Instructions  for  Their  Use  in  Heat  Treating  Steel 

Preface 

PYROMETRY,  or  the  art  of  measuring  high  temperatures  is 
a  vital  factor  in  the  continued  supremacy  of  American  metal 
industries.  American  method^  of  quantity  production  and  inter- 
cliangeability  of  parts  demand  uniformity- in  the  quality  of  prod- 
ucts. Uniformity  is  maintained  by  the  careful  control  of  processes 
and  materials,  and  the  use  of  precise  instruments  such  as  pyrom- 
eters,  micrometers,  gages,  and   recording  instruments. 

In  the  last  twenty  years  pyrometry  has  been  developed  in 
practical  uses  until  today,  the  pyrometer,  especially  of  the  thermo- 
electric type,  is  a  practical  device  of  tested  and  proven  worth.  It 
may  be  used  without  complete  knowledge  of  the  principles  of  its 
?ction.  but  as  in  the  use  of  any  instrument  some  information  about 
it  IS  necessary,  and  this  treatise  has  been  prepared  to  furnish  such 
facts  and  advice  as  will  enable  a  heat  treater  to  use  a  pyrometer 
to  the  best  advantage. 

Introduction 

Before  discussing  methods  of  measuring  temperature,  and  the 
use  of  such  measurements  to  control  a  furnace,  it  is  necessary  to 
lia\e  a  very  clear  idea  of  what  "temperature"  means,  what  "heat" 
means  and  how  they  are  connected. 

The  idea  of  "temperaure"  is  simple.  We  know  when  a  piece 
of  steel  is  hot  or  cold  and  that  the  hot  piece  is  at  a  higher  tempera- 
ture. "Heat"  is  our  expression  for  the  energy  in  the  steel,  which 
makes  it  hot.  Roughly  speaking  the  quantity  of  heat  in  the  piece 
of  steel  is  proportional  to  the  temperature.  This  heat  may  come 
out — by  conduction  or  radiation.  Radiating  heat  tells  us  that  a 
substance  is  hot  even  when  it  is  not  red  hot.  We  can  feel  the 
heat  radiated.  Sometimes  a  furnace  is  said  to  be  at  a  "red  heat" 
or  "white  heat."  These  are  good  and  very  useful  terms,  but  avoid 
the  expression  "degrees  of  heat."  Temperature  is  measured  in  de- 
grees, and  heat  in  British  thermal   units,    (B.t.u.),  or   calories,   or 
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vatts.  Become  accustomed  to  the  use  of  "temperature."  It  will 
be  easier  if  you  are  using  pyrometers  and  know  what  the  tempera- 
ture is — in  degrees. 

How  is  temperature  measured?  Temperature  is  not  a  quantity 
with  dimensions  such  as  length,  or  weight,  or  time,  and  two  tem- 
peratures cannot  he  added  like  two  yards,  or  two  seconds.  But 
heat  is  energy  and  affects  all  substances  in  some  definite  way.  For 
example,   a   rod   of   metal,    say  copper,   expands   when   heated.      It 


The    First    Form    of    Pyrometer 

always  expands  the  same  amount  when  a  certain  (|uantity  of  heat 
is  put  into  it.  Moreover,  this  quantity  of  heat  always  raises  the 
fod  to  the  same  temperature.  So,  here  we  have  a  means  of 
measuring  temperature.  This  principle  is  used  in  certain  types  of 
thermometers.  Other  effects  of  heat  are  used,  and  one  of  the 
most  peculiar  and  interesting  effects  is  used  in  the  thermoelectric 
pyrometer,  which  is  an  instrument  for  measuring  high  temperature. 

I.     Thermoelectric  Pyrometer 

In  this  pyrometer  heat  is  made  to  develop  electricity  which  in 
turn  is  conducted  to  an  electric  meter  or  indicator.     It  is  easily 
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seen   that  the  electrical  effect  of   heat  must  be  carefully  controlled 
(,>  that  it  will  he  a  correct  indication  of  temperature.     Pyrometer 
manufacturers  have  learned  through  long  experience  how  to  do  this 
successfully. 

Just  102  years  ago  it  was  discovered  that  if  two  wires  of 
diiferent  metals  be  joined,  at  one  end,  and  this  end  be  put  into  a 
I'urnace,  or  we  mav  sav  immersed  in  the  heat,  and  the  cold  ends 
(.lurside  be  connected  to  a  sensitive  voltmeter  or  ammeter,  the 
meter  will  show  that  an  electric  force  is  causing  a  current  to  flow 
in  the  metallic  circuit.  The  electrical  circuit  is  shown  in  Fig.  1.  The 
two  wires  in  the  furnace  are  called  a  thermocouple.  The  therma- 
c()U])le    is    usually    connected    by   a    pair    of    flexible    leads    to    the 
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Fig.  1 — Diagram  of  Simple  Tliermoelectric  Circuit  with  Thermu- 
couple  in  Furnace.  There  are  Three  Junctions  in  this  Circuit.  One 
Cold  Junction  is  at  Indicator,  the  Second  just  outside  of  the  Furnace 
and    the    Hot    Junction    at    the    tip    of    the    Therntocuple    in    the    Furnace. 

meter  or  indicator  which  is  kept  away  from  the  furnace.  Many 
}ears  later  it  was  discovered  that  if  this  circuit  is  made  right,  the 
electromotive  force  or  for  short  "e.m.f."  will  depend  only  on  the 
temperature  of  the  hot  junction  in  the  furnace,  and  its  value  will 
correctly  indicate  the  temperature.  Unfortunately  there  are  three 
points  in  this  simple  thermoelectric  circuit  at  which  an  e.m.f. 
exists.  These  are  the  hot  junction  and  the  two  cold  junctions 
connected  to  the  meter.  These  e.m.fs.  depend  on  the  temperatures 
of  the  junctions.  Their  sum  is  the  total  e.m.f.  acting  on  the 
meter.  Obviously  we  must  take  care  of  the  temperature  of  the 
cold  junctions  (as  described  in  sections  Illb  or  V)  or  else  the 
total  e.m.f.  will  not  depend  alone  on  the  temperature  of  the  hot 
junction. 

n.       ^rilKRMOCOUPL?:    OK    ''FlRK-F.No" 

i7.     Ulchils    I'scil. 

\'erv    few   metals   and    alloys    are    suitable    for    ihermocc tuples, 
rhcv  nnist  have  the  following  ])rt)perties  as   far  as  ])ossible. 

1.      \\c   rcfracliirv.    that    is.   resist    the   actions   of   heal    such    as 
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melting,    oxidatinn.   cTystallizatiini.    and    i,^cn(.ial    iimtaniina- 

tinn   \vitli    foreign   substances. 
2.     (iive  a  large  e.ni.f.    The  largest  c.in.f.  given  In  any  tlierniu- 

i()U])le   is   harely  over   50  millivolts  or   50/1000  of   a   volt. 
?).     l^e  chea]) — considering  the  length  t)f  service.     The  metals 

used   for  thermocouples  at  the  present  time  are : 

1.  Platinum 

2.  Platinum    alloyed    with    rhodium 

4.  Xickel — chromium  allovs 
.V     Xickel 

5.  Iron 

T).     Iron-nickel-chromium   allovs 
7.     Xickel-aluminum  alloy 
<S.     Xickel-copper  alloys 
9.     Copper 

10.     Occasionally    silver,    gold,    palladium,    iridium,    cobalt, 
manganese.     Also  alloys  of   these  metals. 

Some  of  these  alloys  have  trade  names  such  as  ''chromel"  for 
No.  4.  "nichrome"  for  Xo.  6.  "alumel".  "constantan".  "ideal",  "ad- 
vance", "copel..'  and  others  for  Xo.  8.  Thermocouples  made  of 
platinum  and  rhodium  are  sometimes  called  "rare  metal"  or  "noble 
metal"  thermocouples.  Others  are  called  "base  metal"  thermo- 
couples. In  the  following  table  we  have  arranged  some  of  these 
metals  and  alloys  in  a  thermoelectric  series,  in  which  the  e.m.f.  be- 
tween two  elements  will  be  larger  the  more  se])arated  in  the  series. 

1 .  Chromel 

2.  Xichrome 
?).     Iron 

4.  Copper 

5.  Pt  87ff.   Rh    13^^ 

6.  Pt  90%.  Rh   10% 

7.  Platinum 

8.  Alumel 

9.  Nickel 

10.  Constantan 

11.  Coj^el 

For  example  chromel  or  nichrome  combined  with  constanian 
or  copel  give  a  comparatively  large  e.m.f.  while  nickel  versus  con- 
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stantan,  or  platinuni-rhodiiim  versus   platinum  give  a  rather  small 
e  m.f. 

The  more  common  coml)inations,  with  the  maximum  tempera- 
ture they  should  he  used  are: 

1.  Rare-metal      (platinum,      platinum-rhodium)      to     2600°F 

(1427°C) 

2.  Chromel-alumel  to  2000° F.     (1093°C) 

3.  Iron -constantan     or     nichrome  -  constantan     to      1650°F. 

4.  Copper-constantan  to  800°F.     (437°C) 

Short  exposure  to  somewhat  higher  temperatures  will  not  ruin 
the   thermocouple,  but  will   shorten   the  life,   and   may  cause  it  to 
indicate  the  wrong ,  temperatures  afterwards. 
b.     Protection   Tubes.  ■ 

In  order  to  protect  the  elements  of  the  thermocouple  as  much 
as  possible  from  the  effects  of  contamination  and  oxidation  by 
furnace  gases  and  vapors,  they  are  mounted  in  closed-end  tubes 
of  metal  or  porcelain  or  other  refractory  and  preferably  gas-tight 
material.  The  tubes  and  fittings  also  protect  the  couple  from 
breakage  or  similar  injury.  The  choice  of  a  proper  protection 
tube  is  just  as  important  as  the  selection  of  a  thermocouple.  The 
tubes  must  be 

1.  As  gas-tight  as  possible. 

2.  Resistant  to  high  temperatures. 

3.  Resistant   to   sudden   changes   of   temperature    (These 

may  crack   porcelain). 

4.  Mechanically  strong. 

5.  Resistant  to  corrosion  by  acid  fumes  or  other  active 

vapors  if  present. 

The  best  protection  tube  for  a  rare-metal  couple  is  porcelain 
glazed  on  the  outside ;  or  for  temperatures  not  too  high  a  vitrified 
porcelain  may  be  used.  Fused  quartz  may  be  used  up  to  about 
1900°  Fahr.,  where  it  begins  to  crystallize  and  leak  furnace 
gases  rapidly  besides  getting  weak. 

The  best  protection  tubes  for  chromel-alumel  couples  are 
made  of  chromel,  nichrome,  nickel,  or  for  special  purposes  porce- 
lain or  quartz. 

Iron-constantan  couples  are  protected  with  nichrome,  nickel, 
cr  iron. 
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Seamless  soft  steel  tubes  are  sometimes  used  instead  of 
wrought  iron. 

Calorized   iron  and   other   alloys  are   often  used. 

In  selecting  a  protecting  tulje  be  sure  it  will  be  good  company 
for  the  couple.  For  example,  the  chromel-alumel  couple  has  very 
little  iron  alloyed  with  it.  So  do  not  put  it  in  an  iron  tube  if  you 
v/ant  the  best  results.     Put  it  in  chromel,  nichrome  or  nickel. 

When  conditions  are  particularly  severe  as  at  the  higher  tem- 
peratures which  are  used  for  high-speed  tool  steels,  double  pro- 
tection is  necessary  to  keep  the  thermocouple  in  good  condition. 
Outer  tubes  generally  called  secondary  protection  tubes  are  made 
of  iron,  chromel,  carborundum  or  fire  clay.  The  pyrometer  manu- 
facturer can  be  depended  on  to  provide  the  best  kind  of  protection 
for  a  thermocouple. 

c.  Insulators. 

Within  the  protection  tube  the  wires  or  elements  of  the  couple 
are  kept  apart  and  electrically  insulated  (except  at  the  welded  hot 
junction)  with  porcelain,  fireclay,  asbestos,  or  glass  insulators.  Fire- 
clay insulators  are  the  best  for  base  metal  couples,  but  asbestos 
is  good  enough  up  to  1100  or  1200°  Fahr.  Only  a  very  pure 
fireclay,   or   else  porcelain   should   be   used   for   rare-metal   couples. 

d.  Terminal  Heads. 

The  end  of  the  mounted  thermocouple  outside  the  furnace  is 
provided  with  a  terminal  head  which  keeps  the  inside  of  the  tube 
clean,  supports  insulated  terminals  or  binding  posts  for  the 
thermocouple  and  leads,  and  may  be  threaded  to  fit  a  metal  hous- 
ing or  pipe-line. 

The  best  terminal  heads  protect  the  binding  posts  from  dirt 
and  weather,  and  are  usually  made  of   metal  and  asbestos  board. 

III..   Leads    from    Thermocouple    to    Indicator    or    Recorder 

The  leads  from  the  thermocouple  have  been,  made  in  the  past 
simply  of  copper  but  at  present  they  are  more  generally  selected 
for  a  special  purpose  (see  below)  and  are  called 
a.     Extension  Leads  (Not  copper). 

Extension  leads  are  made  of  special  alloys  which  can  be 
drawn  to  small  wires  and  stranded.  The  purpose  of  the  extension 
lead  is  to  counteract  the  cold-junction  e.m.f.  at  the  terminal  head 
and  set  up  an  e.m.f.  at  some  other  jwint  away  from  the  furnace, 
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where  the  temperature  is  constant  and  in  the  neis^hborhood  of  or- 
dinary room  temperature  or  75°  Fahr.     It  is  not  necessary  to  keep 
the  cold  junction  at  75°  Fahr.  but  it  is  necessary  or  at  least  highly 
preferable  to  keep  it  constant  and  kiioiv  what  it  is. 
b.     Cold  Junctions. 

There  are  a  few  standard  methods  of  handling  the  cold  junc- 
tion and  four  of  these  are  shown  in  Figs.  2,  3,  and  4.  In  Fig.  2 
is  the  simplest  arrangement,  in  which   the  cold  junction  is  at  the 

Thermoeouitle  Indicator 


*  Lead  r"°* 


Fig.    2 — Diagram    of   Thermoelectric    Circuit    in    which    the    Cold    Junc- 
tion   is    at    the    Indicator. 

indicator.  In  Fig.  3,  is  another  convenient  arrangement  in  which 
the  cold  junction  is  buried  in  the  ground.  Fig.  3A  is  a  modification 
of  Fig  3. 

The  interesting  part  of  this  circuit,  Fig.  3,  is  the  connection 
of  two  positive  leads  to  the  indicator.  The  positive  lead  from  the 
cold  junction  is  connected  to  the  negative  terminal  of  the  indicator. 
It  will  be  necessary  to  consider  carefully  the  e.m.fs  in  this  circuit 
Let  us  start  at  the  hot  junction,  and   follow   the  arrow. 

Hot-Junction                     Indicator-Terminal  Cold-Junction 

E.m.f                                      E.m.fs.  E.m.fs. 
Constantan  to  iron       -^       -j-to  brass 

and  brass  to  +  -^                 +  to  — 

and  back  to  the  hot  junction.  At  the  indicator  two  e.m.fs  are 
equal  and  opposite  if  the  two  terminals  of  the  indicator  are  at  the 
same  temperature.  Hot  drafts  from  a  furnace  may  heat  one  tier- 
minal  more  than  the  other.  Another  interesting  fact  is  that  the 
cold-junction  e.m.f  in  this  circuit  is  equal  to  the  difference  of  the 
two  cold-junction  e.m.fs  in  Fig.  2,  at  a  certain  temperature,  say 
75°  Fahr.  in  each  case.  The  best  feature  of  the  circuit  of  Fig. 
3,  is  its  adaptability  to  the  scheme  shown  in  Fig.  4,  in  which 
one  cold  junction  is  used  for  any  number  of  hot  junctions.  In 
.this  figure   the  cold-junction   leads   are  connected   between   the   in- 
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dicator  and  a  commutating  switch.  This  switch  is  made  so  that 
no  extra  e.m.f.s  are  set  up  to  cause  trouble.  In  all  cases  like  the 
diagrams  in  Fig.  3  and  4,  the  extension  lead  from  the  cold  junc- 
tion to  the  indicator  is  connected  to  the  indicator  terminal  of  op- 
posite sign  to  the  lead.     Plus  and  minus  leads  when  new  are  al- 
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Fig.     3. — Diagram     of     Thermoelectric     Circuit     having     Two     Positive 
Leads    to    the    Indicator. 
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Fig.     3A — Diagram    of    Thermoelectric     Circuit     having    Two     Positive 
Leads   to    the    Indicator.      This   is   a   Modification    of    Diagram    in    Fig.    3. 


ways  distinguishable  by  marks  at  their  ends,  or  by  the  color  of 
the  insulation.  In  any  case  the  manufacturer  provides  some  means 
of  identifying  the  leads  and  will  furnish  instructions  for  wiring 
according  to  his  particular  method. 

Burying  the  cold  junction  in  the  ground  is  one  way  to  take 
care  of  it.  The  junction  should  be  at  least  ten  feet  down  and  safe 
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from  moisture  and  the  heat  from  hot  pipes  or  flues.  A  good  method 
is  illustrated  in  Fig.  5.  A  2-inch  pipe  forged  sharp  and 'capped  is 
driven  into  the  ground  and  nearly  filled  with  heavy  oil.  A  3/4- 
inch  pipe  within  this  and  fitted  at  the  top  contains  the  wires.  It  is 
better  to  install  at  least  two  pairs  of  extension  leads.  The  cold 
junctions  are  hard  soldered  or  welded   (using  borax)  and  wrapped 
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Fig.      A — Diagram      of     Thermoelectric      Circuits      Using      One      Cold 
Junction    for    any    number    of    Hot    Junctions. 

with  tape.  One  pair  of  the  leads  is  used  to  measure  the  tempera- 
ture of  the  bottom  of  the  hole.  We  wnll  leave  it  to  the  reader  as 
to  how,  by  aid  of  a  thermometer  at  the  terminals  of  an  indicator, 
to  measure  the  cold- junction  temperature.  This  should  be  done 
from  time  to  time  and  recorded,  or  used  in  making  adjustments 
described  in  later  paragraphs. 

Methods    for    automatic    compensation    for    variation    in    the 
temperature  of  the  cold- junction  are  described  in  section  V. 

IV.     Indicators  and  Recorders 


a.     Millivoltmetcr  Type. 

1 .     Indicator. 

A  millivoltmeter  is  an  instrument  for  measuring  millivolts  or 
"thousandths  of  a  volt."  The  inner  parts  of  an  ordinary  type  are 
shown  in  Fig.  6.  The  main  parts  are  (1)  a  permanent  magnet, 
(2)  a  moving  coil  of  fine  copper  wire  mounted  to  turn  between 
the  poles  of  the  magnet,    (3)    a  light  and  long  pointer    (made  of 
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fine  aluminum  tubing)  attached  to  the  moving  coil,  and  (4)  a  scale 
to  read  the  deflections  or  positions  of  the  pointer  and  coil. 

The  permanent  magnet  has  been  heat  treated  in  such  a  way 
that  its  magnetism  or  strength  will  stay  constant  for  years,  that 
is,  it  is  permanent. 

The  moving  coil  is  made  very  light,  to  swing  easily,  and 
mounted  on  steel  points  resting  in  jewelled  bearings.  Some  manu- 
facturers support  the  coil  on  only  one  pivot,  and  others  support  it 


Fig.    S — Sketch    Showing    a    Good    Method 
for   Maintaining   a   Constant   Cold   Junction. 


by  small  metal  strips  or  "suspensions."     This  coil  is  connected  to 
the  two  terminals  of  the  indicator. 

In  order  to  understand  the  use  of  a  millivoltmeter,  it  is  neces- 
sary to  know  how  it  works.  The  action  is  very  much  like  that  of 
a  motor,  only  the  moving  part  is  kept  from  turning  too  far  by 
coiled  springs.  An  electric  current  forced  around  the  electrical  cir- 
cuit by  the  e.m.f.  or  millivoltage  of  the  thermocouple  makes  the 
coil  turn.    The  amount  of  the  current  will  depend  on  the  e.m.f.  of 
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the  thermocouple  and  the  electrical  resistance  of  the  circuit.  So, 
strange  to  say,  a  milli voltmeter  is  really  a  millianimeter,  and  its  in- 
dications or  deflections  of  the  pointer  are  proportional  to  the 
current.  This  is  unfortunate,  hecause  it  is  the  e.m.f.  of  the  couple 
which  we  want  to  know,  or  else  the  temperature  which  controls  the 
e.m.f.  Now  in  order  to  use  a  millivoltmeter  correctly,  the  resistance 


Fig.    6 — Photograph    of    the    Ordinary    Type    Millivoltmeter. 

of  the  circuit  (thermocouple,  leads,  and  indicator)  must  be  care- 
fully adjusted.  The  maker  of  the  pyrometer  calibrates  or  tests 
the  indicator  for  a  fixed  or  definite  resistance,  for  example,  100 
ohms.  Allowance  may  be  made  for  a  certain  amount  of  resistance 
of  the  thermocouple  and  leads.  An  arrangement  might  be :  100 
ohms  in  the  indicator  and  10  ohms  in  the  outside  or  external  cir- 
cuit, making  a  total  of  110  ohms.  Suppose  the  couple  or  leads 
were  injured  and  had  20  ohms  instead  of  10  ohms.  Then  the 
current  in  the  circuit  would  be  reduced  almost  10  per  cent,  and  the 
indicator  would  be  10  per  cent  "ofif",  10  per  cent  of  1000  degrees 
is  100  degrees,  and  an  error  of  100  degrees  is  intolerable.  To  pre- 
vent this,  the  pyrometer  must  be  carefully  installed  and  the  con- 
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nections  kept  clean  and  tight.  Even  theij  small  changes  in  the  re- 
sistance will  occur.  For  this  reason  the  hest  indicators  are  made 
with  a  high  resistance  so  that  a  small  change  in  the  resi.stance  of 
the  line  or  the  thermocouple  will  not  give  an  appreciate  error. 

Low-resistance  indicators  are  on  the  market,  and  some  of  the 

older   types  have  a   resistance   of   only   one  or   two   ohms.  These 

indicators  seldom  indicate  correctly  and  usually  are  so  far  wrong 
that  they  do  more  harm  than  good. 

It  is  difficult  to  recommend  definitely  the  amount  of  resistance 
of  the  indicator  which  should  he  demanded.  This  will  depend 
on  the  accuracy  required,  and  the  kind  of  installation.  A  resis- 
tance of  less  than  10  ohms  should  never  be  used.  A  resistance  of 
100  ohms  may  be  considered  satisfactory  provided  the  plant  condi- 
tions make  it  possible  to  install  the  pyrometer  so  that  the  circuit 
will  not  change  by  more  than  a  small  fraction  of  an  ohm.  \  re- 
sistance of  200  ohms  or  higher  is  to  be  preferred.  It  cannot  be 
made  as  high  as  desirable  because  the  indicator  would  become  too 
delicate  for  factory  use. 

The  pointer  and  moving  coil  are  the  most  delicate  parts  and 
are  very  easily  injured  if  the  case  of  the  indicator  is  opened.  Only 
an  expert  instrument  maker  is  able  to  handle  and  adjust  these 
parts.  Sometimes  the  coil  and  pointer  stick  or  catch  on  dirt  or 
dust  which  has  gotten  into  the  case.  If  light  tapping  on  the  case 
does  not  loosen  the  moving  parts,  the  instrument  must  he  returned 
to  the  maker  for  cleaning.  The  force  developed  by  the  electric 
current  (from  the  thermocouple)  flowing  through  the  moving  coil 
is  very  small.  In  a  high  grade  indicator  the  thermocouple  is  al- 
lowed to  deliver  about  1/10,000  watt  or  about  one  millionth  of  a 
horse-power.  It  does  not  take  a  very  large  piece  of  dirt  to  stop 
the  coil  and  pointer  and  make  them  stick. 

2.     Recorder. 

A  recording  pyrometer  can  be  used  to  great  advantage  by  heat 
treaters  in  hardening  and  tempering  finished  work,  in  "soaking" 
large  parts,  and  in  many  other  classes  of  work,  in  which  the  rate  of 
heating  must  be  controlled.  It  is  a  nuisance  to  control  the  rate  of 
heating  with  an  indicator,  but  it  can  be  done  by  using  a  log  sheet 
to  write  down  readings  regularly.  The  recorder  does  this  auto- 
matically by  momentarily  pressing  the  pointer  of  the  meter  against 
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the  record  paper  at  regular  intervals,  while  the  paper  is  steadily 
moved  along  under  the  pointer.  In  this  way  the  rate  of  rise  or  fall 
of  the  temperature  of  the  furnace  is  shown  as  a  curve  on  the  paper. 
This  rate  of  heating  will  not  be  very  different  from  that  of  the 
piece  of  steel  being  treated,  if  the  thermocouple  in  the  furnace  is 
very  near  or  touching  the  piece. 

The  recorder  is  a  continuously  running  machine,  and  so  it 
must  be  carefully  attended.  It  must  be  kept  clean  and  in  some 
cases  oiled,  and  directions  given  by  the  pyrometer  manufacturer 
must  be  followed.  Whenever  the  paper  chart  is  changed,  or  ad- 
justments made,  be  sure  to  notice  the  position  of  the  pointer,  to 
see  whether  it  is  swinging  free  or  caught  tight  under  the  pressor 
bar. 

Many  recorders  are  made  to  take  care  of  more  than  one  ther- 
mocouple. They  are  then  called  multiple  or  multiple  point  re- 
corders, and  have  a  commutating  switch,  that  is,  a  switch  for  con- 
necting each  thermocouple  in  turn.  There  is  nothing  complicated 
about  the  electrical  circuit.  Each  thermocouple  is  connected  to  the 
switch.  The  circuit  for  each  thermocouple  can  be  considered  by 
itself,  because  the  switch  connects  only  one  couple  at  a  time,  and 
disconnects  all  others. 

Everything  stated  in  the  section  on  indicators  applies  for  re- 
corders. The  resistance  of  the  circuit  and  care  of  the  cold  junction 
must  be  considered.  Usually  the  meters  of  recorders  are  lower  in 
resistance  and  stronger  in  construction.  The  recorders  are  not 
moved  about,  and  with  well  installed  leads  and  thermocouples, 
they  will  record  correctly.  However,  a  resistance  of  50  ohms  or 
more  is  just  as  desirable  as  for  indicators. 
h.     Potentiometer  Type. 

1.     Indicator. 

A  potentiometer  is  an  instrument  for  measuring  e.m.f.  (or,  in 
pyrometry,  millivoltage)  without  allowing  any  electric  current  to 
flow  in  the  line  and  thermocouple. 

The  potentiometer  does  this  by  balancing  or  "bucking"  the 
e.m.f.  of  the  thermocouple  with  part  of  the  e.m.f.  of  a  small  bat- 
tery, usually  a  dry-cell. 

Fig.  7  shows  the  wiring  diagram  or  electrical  circuit  of  a 
potentiometer  connected  to  a  thermocouple.  Current  from  the 
battery  flows  through  the  resistance  a,b,c.  The  e.m.f.  of  the  battery 
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makes  the  point  'c'  at  a  higher  electrical  potential  than  'a'.  This 
ditierence  in  potential  is  nearly  the  whole  e.m.f.  of  the  battery.  At 
a  point  b,  somewhere  along  the  resisfance  the  em.f.  from  'b'  to  'a' 
may  exactly  equal  the  e.m.f.  of  the  thermocouple  T.  When  this  is 
true  and  the  e.m.f.  of  the  thermocouple  "bucks"  the  e.m.f.  along  the 
resistance,  the  meter  'G'  will  show  that  no  current  is  flowing  in  the 
themiocouple.  When  the  e.m.f.  of  the  couple  changes,  the  point  'b' 
must   be   moved   along   the    resistance   to   balance    the   e.m.f.      The 
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Fig.     7 — Diagram    of    an    Electrical    Circuit    of    a    Potentiometer    Con- 
nected   to    a    Thermocouple. 

positions  of  'b'  are  marked  in  millivolts  or  temperature,  so  that  by 
balancing  e.m.f. s,  temperature  can  be  measured. 

The  battery  cannot  be  depended  upon  to  keep  a  steady  or 
standard  current  flowing  in  the  circuit.  So  it  is  necessary  to  ad- 
just the  current.  This  is  done  by  balancing  the  battery  against  a 
standard  cell.  The  standard  cell  and  battery  are  contained  within 
the  case  of  the  instrument.  The  battery  must  be  renewed  when  it 
is  found  that  it  will  not  furnish  enough  current. 

The  directions  for  operating  a  potentiometer  are  simple,  but 
must  be   followed  carefully. 

The  manufacturer  furnishes  directions  with  each  instrument 
stating  how  to  connect  the  thermocouple,  obtain  a  balance  against 
the  standard  cell,  then  against  the  thermocouple.  After  one  bal- 
ancing against  the  standard  cell  the  current  from  the  battery  will 
stay  constant  for  a  few  hours,  and  need  not  be  readjusted  for 
every  reading. 

The  scale  of  the  potentiometer  can  be  made  very  long  so  that 
small  differences  or  changes  in  temperature  can  be  read.  Besides 
this,  readings  of  the  instrument  are  not  aflfected  by  changes  in  the 
resistance  of  the  thermocouple  andileads.  On  this  account  a  port- 
able potentiometer  is  very  convenient  for  checking  installed  in- 
struments. 
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2,     Recorder. 

Briefly,  a  potentiometer-recorder  is  a  poleiitionieter  with  a 
mechanism  for  automaticahy -performing  the  halancing  of  e.m.f.s 
(described  above),  and  for  printing  or  drawing  a  curve  on  the 
record  paper.  There  are  two  general  types.  (1)  Single-])oint  or 
curve-drawing  recorder.  The  pen  of  this  recorder  remains  in  con- 
tact with  the  paper  and  a  full-hne  curve  is  drawn,  'i'he  recorder 
does  not,  ordinarily,  automatically  adjust  its  standard  current,  and 
this  must  be  done  by  hand.  (2)  Multiple-point  recorder.  ,  This  re- 
corder is  made  for  four  or  more  thermocouples  and  prints  the 
record  by  numbers  corresponding  to  thermocouples.  For  example, 
a  line  of  4's  shows  the  variation  of  temperature,  instead  of  a  line 
or  a  row  of  dots. 

There  is  not  space  in  this  treatise  to  describe  the  mechanism 
of  the  potentiometer  recorder.  The  user  of  the  instrument  should 
very  carefully  study  the  instructions  supplied  by  the  manufacturer. 
A  working  knowledge  of  the  instrument  is  necessary,  to  get  the 
greatest  usefulness  out  of  it. 

Do  not  attempt  to  make  adjustments  nor  arrange  a  special 
circuit  without  thoroughly  studying  the  scheme,  and  sketching  the 
circuits.  The  external  circuits — that  is,  couples  and  leads  are 
identical  to  those  used  with  millivoltmeters,  excepting  the  variable 
length  or  resistance  of  leads,  which  must  be  kept  constant  for  the 
millivoltmeter-recorder. 

V.     Cold-Junction   Compensation 

When  CA'tcnsion  leads  ore  used  or  when  the  thermocouple  is 
directly  connected  to  the  instrument  without  any  leads,  the  cold 
junctions  may  be  at  the  terminals  of  the  indicator  or  recorder.  In 
this  case,  automatic  cold- junction  compensation  can  be  used. 

Automatic  compensation  needs  no  attention  besides  the  pre- 
caution of  placing  the  indicator  (or  recorder)  where  there  are  no 
sudden  changes  of  temperature.  The  automatic  device  will  not 
adjust  itself  to  sudden  changes  of  temperature  of  the  cold  junctions. 

The  simplest  method  of  adjusting  for  the  cold- junction  temp- 
erature is  by  turning  the  pointer  of  the  milli voltmeter  (by  means 
of  the  zero-adjuster)  to  read  this  temperature  or  equivalent  e.m.f. 
on  open  circuit.  This  method  is,  very  satisfactory  if  the  cold  junc- 
tion is  buried  or  otherwise  kept  fairly  constant. 

The    hand-adjusted    compensator    provided    for    potentiometer- 
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indicators  or  recorders  is  operated  hy  simply  turning  a  knob  to 
read  the  temperature  or  e.m.f.  of  the  cold  junctions.  It  consists  in 
a  separate  slide-wire  resistance  and  a  moving  contact  to  add  to  the 
e.m.f.  of  the  couple  the  cold-junction  e.m.f. 

VI.     Installing   Pyrometers 

a.  Thermocouple  or  Fire-end. 

The  thermocouple  permanently  installed  should  be  mounted 
firmly  in  the  furnace  wall,  with  the  hot  end  extending  well  into 
the  furnace.  For  example,  a  fire-end  with  a  protection  tube  3/4 
inches  in  diameter  should  extend  into  the  furnace  at  least  8  inches. 
If  less  than  this  the  end  will  not  be  as  hot  as  the  furnace.  The 
couple  must  not  be  placed  where  flames  will  strike  it,  and  the  hole 
in  the  furnace  wall  must  be  filled  or  packed  tight  or  covered  by  a 
flange,  so  that  heat  from  the  furnace  will  be  kept  from  the  terminal 
head,  and  cold  air  will  not  be  sucked  in  upon  the  hot  end. 

In  a  heat  treating  furnace  it  is  convenient  to  place  the  thermo- 
couple so  that  the  hot  end  can  be  seen  through  the  door.  If  pos- 
sible, it  is  a  good  plan  to  mount  it  so  that  the  pieces  of  steel  can 
be  put  against  the  protection  tube.  In  this  way  the  temperature 
of  the  couple  and  of  the  steel  will  be  nearly  the  same. 

If  this  is  not  done  the  furnace  temperature  must  be  uniform 
enough  so  that  the  temperature  indicated  by  the  pyrometer  will  be 
the  temperature  of  the  steel  being  treated. 

b.  Leads  or  Connecting   Wires  from   Thermocouple   to   Indicator. 

The  best  way  to  install  leads  is  in  iron  conduit  similar  to 
ordinary  electric  wiring.  The  conduit  should  be  kept  cool  and  dry 
and  must  not  be  in  electrical  connection  with  lighting  or  power  cir- 
cuits. If  the  leads  are  not  in  conduits,  mount  them  out  of  the  way. 
When  the  cold  junction  is  buried,  place  it  near  a  wall  or  an  up- 
right post  or  girder  of  the  building,  so  that  the  wires  can  be 
led  to  it  conveniently. 

If  extension  leads  are  used  it  is  often  necessary  to  use  a  cer- 
tain length  provided  by  the  manufacturer  of  the  pyrometer.  The 
leads  should  be  bought  to  reach  exactly  from  fire-end  to  indicator. 

c.  Indicator. 

The  place  to  put  an  indicator  is  decided  by  where  it  will  be 
easily  seen,  and  at  the  same  time,  where  it  will  be  away  from  tlie 
heat,  dust,  and  fumes  around  the  furnace.     Mount  it   firmly,  on 
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a  post  or  wall  free  from  vibration  or  jar.  If  possible,  have  the 
service  man  of  the  manufacturer  advise  where  to  place  the  indi- 
cator or  the  recorder.  The  pyrometer  manufactjirers  make  spe- 
cial wall-type  indicators,  which  can  be  bolted  or  screwed  to  the 
wall,  the  scale  showing  in  front.  The  portable  millivoltmeter  or 
potentiometer  used  in  a  semi-permanent  installation  should  be 
placed  on  a  shelf  or  table,  face  up.  If  it  is  particularly  necessary 
to  stand  a  portable  millivoltmeter  to  be  read  from  a  distance,  be 
sure  to  adjust  the  pointer  to  read  zero  or  the  cold-junction  tempera- 
ture, \vith  the  meter  in  such  a  position. 

d.  Recorder. 

A  recorder  requires  more  careful  selection  of  a  place  to 
mount  it.  The  necessity  of  opening  the  case  to  remove  or  replace 
the  record  paper,  increases  the  possibility  of  getting  dirt  into  the 
instrvmient.  For  this  reason  it  is  best  to  mount  the  recorder  on 
a  side  wall,  or  near  it,  where  it  can  be  kept  clean. 

Special  panels  or  instrument  boards  are  sometimes  advisable, 
especially  when  the  heat  treating  room  is  very  large,  and  furnaces 
are  far  from  the  walls.  They  are  too  expensive  to  use  to  mount 
a  single  indicator,  but  may  be  preferred  for  a  recorder,  or  four  or 
five  indicators. 

e.  Connecting   the    Thennoelectric   Circuit. 

Connecting  the  circuit  of  thermocouple,  leads  and  instrument  is 
a  "-f  and  —  job."  The  terminals  of  the  indicator  are  always 
marked,  and  likewise  the  terminals  of  the  mounted  thermocouple. 
Extension  leads  are  either  marked  -)-  and  —  or  are  distinguishable 
by  the  color  of  the  insulation.  If  there  is  any  doubt  about  the 
polarity  of  the  leads  connect  them  first  to  the  indicator  and  short 
the  other  end  by  clamping  or  merely  holding  the  ends  together 
in  contact.  Warming  this  contract  a  few  degrees  should  make  the 
meter  read  plus.  If  it  docs  not,  reverse  the  connections  at  the 
meter.  Now  connect  the  thermocouple.  If  the  extension  leads  are 
connected  wrong,  that  is,  if  the  plus  lead  connects  the  minus  term- 
inals of  fire-end  and  indicator  the  result  is  double  errors  at  both 
ends  of  the  leads.  The  right  ways  to  connect  circuits  are  shown 
in  Figs.  1  to  4,  which  give  the  common  kinds  of  circuits  usually 
employed. 
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VII.     Checking   the   Pyrometer 

a.     The  Thermocouple. 

The  deterioration  of  the  thermocouple,  that  is,  the  change 
caused  by  oxidation  of  the  wire,  or  contamination  of  it  by  vapors 
is  unavoidable,  and  is  more  rapid  the  higher  the  temperature.  The 
e.m.f.  of  the  thermocouple  almost  always  drops  off  with  age,  and  the 
pyrometer  reads  too  low.  Months  are  required  to  cause  large 
errors,  unless  very  high  temperatures  are  used.  For  example,  a 
base-metal  couple  used  at  2000°  Fahr.  ought  to  be  checked  about 
once  a  week. 

A  portable  checking  outfit  is  highly  recommended.  A  good 
base-metal  couple  insulated  with  fireclay,  without  any  protection 
tube,  connected  by  a  few  feet  of  extension  leads  to  a  portable  milli- 
voltmeter  or  potentiometer  are  very  satisfactory  for  checking 
temperatures  not  over  1800"  Fahr.  Above  this,  use  a  rare-metal 
thermocouple  protected  with  a  1/2  inch  glazed-porcelain  tube. 

The  best  way  to  check  an  installed  fire-end  is  to  put  the  check- 
ing thermocouple  or  standard  into  the  furnace  alongside  it.  It  is 
very  important  to  be  sure  that  the  furnace  temperature  is  uniform 
enough  so  that  both  thermocouples  are  really  at  the  same  tempera- 
ture. One  good  way  to  be  sure  about  this,  is  to  use  an  unpro- 
tected thermocouple  and  put  it  in  the  same  protection  tube  with 
the  installed  one.  Sometimes  this  cannot  be  done,  and  the  next 
best  way  is  to  put  the  hot  junction  of  the  standard  hard  against 
the  protection  tube  of  the  installed  thermocouple,  keeping  the  fur- 
nace at  a  steady  temperature,  near  the  temperature  which  is  used 
most.  If  the  installed  fire-end  gives  a  reading  say  930  degrees 
when  the  standard  indicates  1000  degrees,  use  a  percentage  cor- 
rection, that  is,  1000-980/1000  or  2  per  cent.,  and  not  a  flat  20 
degree  correction.  It  is  better  however  to  check  at  a  temperature 
close  to  the  one  used  most. 
h.     The  Indicator. 

The  first  thing  to  do  is  to  see  what  the  indicator  reads  on 
open  circuit.  If  an  indicator  is  graduated  only  in  degrees  of 
temperature,  that  is,  if  the  scale  only  reads  temperature  and  not 
e.m.f.,  the  only  simple  way  to  be  positive  that  it  is  all  right,  is  to 
substitute  another  indicator  of  the  same  type.  If  the  scale  is  a 
double   one,   and  also   shows   e.m.f. — or  only  e.m.f — the   indicator 
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can  be  checked  by  substituting  a  portable  meter  or  potentiometer 
which  indicates  e.m.f.  If  the  installed  indicator  reads  too  high 
return  it  to  the  maker.  If  it  reads  too  low  the  resistance  of  the 
line  may  be  too  high,  from  bad  contacts  or  partly  broken  leads. 
In  this  case  the  portable  indicator  will  also  read  too  low  unless 
it  is  a  potentiometer  or  a  millivoltmeter  which  has  a  very  high 
resistance — high  enough  to  swamp  out  the  resistance  effects  of  the 
leads. 

The  commonest  trouble  with  indicators  is  sticking  of  the 
moving  coil  and  pointer.  It  is  easy  to  learn  if  this  is  happening 
by  watching  the  pointer  move  and  by  tapping  the  instrument  wi  h 
the  knuckles  or  fingers.  Occasionally  the  only  cause  of  sticking  is 
a  loose  scale  which  touches  the  pointer,  or  some  paper  fibre  or 
dust  sticking  to  the  scale.  When  quite  certain  that  this  is  not  the 
cause  of  sticking  the  instrument  may  be  returned  to  the  maker 
for  repairs. 

c.     Tlie  Leads. 

Inspection  of  the  leads  and  their  connections  should  be  made 
occasionally.  If  the  leads  are  suspected  of  being  the  cause  of  an 
open  circuit,  connect  the  fire-end  to  the  indicator  with  some  cop- 
per wire,  after  disconnecting  the  installed  extension  leads.  Each 
side  (-f-  and' — )  of  the  leads  can  be  tested  separately.  When 
both  afe  off  and  the  fire-end  connected  with  copper  wire  only,  the 
cold  junctions  are  at  the  terminal  head  of  the  fire-end.  This  will 
require  correction  of  the  reading  indicated  with  copper  leads. 

Do  not  allow  the  plant  electrician  to  test  the  leads  for  breaks 
or  grounds  without  disconnecting  the  indicator. 

If  a  ground  to  the  lighting  or  power  circuit  is  suspected,  the 
surest  way  to  prove  it  is  to  find  the  main  switch  and  throw  off  all 
high  voltage  circuits.  If,  by  the  change,  a  connection  is  shown  be- 
tween pyrometer  and  lighting  circuit,  carefully  examine  the  entire 
pyrometer  installation.  The  connection  may  be  through  metal  at 
a  furnace,  along  a  wet  wall,  through  wet  ground  (particularly  to 
a  buried  cold  junction),  or  through  the  conduit  when  wet  inside. 

When  a  final  check  on  the  pyrometer  as  a  whole  does, not 
give  a  result  which  satisfies  good  judgment,  consult  with  others 
and  get  in  touch  with  the  pyrometer  manufacturer,  the  local  A.  S. 
S.  T.  or  anyone  known  to  be  using  pyrometers. 
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Before  consulting  others,  it  is  wise  to  rehearse  your  trouble, 
and  to  be  sure  you  can  blame  it  on  the  pyrometer  and  not  on  some 
forgotten  change  in  procedure  or  practice. 

VIII.     Important   Points  to   Remember 

A  pyrometer  indicates  the  temperature  of  the  fire-end,  and  un- 
less the  furnace  is  uniformly  heated,  the  indicated  temperature  will 
represent  only  the  part  of  the  furnace  near  the  fire-end  or  thermo- 
couple. 

Have  the  thermocouple  installed  where  the  hot  end  of  the 
protecting  tube  can  be  seen  through  the  furnace  door  or  through 
a  peep-hole.  Put  the  thermocouple  as  near  the  work  as  conven- 
ient. Suppose  the  steel  is  to  be  quenched  from  1500°  Fahr.  Heat 
slowly  and  evenly  until  the  pyrometer  indicates  1500"  Fahr.  To  be 
sure  the  work  is  at  the  indkatcd  temperature,  look  through  the  door 
and  compare  the  brightness  of  the  ivork  and  the  fire-end.  Ex- 
perience has  shown  that  the  temperature  of  the  work  can  be  very 
accurately  adjusted  to  the  temperature  of  the  fire-end  by  this 
method ;  and  wnth  care  this  accuracy  can  be  gotten  to  plus  or 
minus  10°  Fahr. 

There  is  one  precaution  necessary  in  the  above  method.  In 
some  furnaces  the  flame  strikes  against  a  part  of  the  wall  and 
heats  it  to  an  extra  high  temperature.  Light  from  this  hot  spot 
or  from  the  bright  flame  may  make  the  fire-end  or  the  work  ap- 
pear hotter  than  they  really  are.  To  avoid  this  trouble  change  the 
furnace  or  the  burner. 

About  the  Cold  Junctions. 

Know  what  the  cold  junction  temperature  is,  by  measuring 
it  with  a  thermometer,  unless  the  pyrometer  is  equipped  with 
an  automatic  cold- junction  compensation  device. 

Extension  leads  do  not  compensate  for  cold-junction  tempera- 
ture.    They  only  move  the  cold  junction  away  from  the   furnace. 

If  the  pyrometer  is  not  corrected  for  the  cold-junction  tempera- 
ture, it  will  indicate  a  wrong  temperature  of  the  furnace. 

About  Extension   Leads. 

Be  sure  the  plus  and  minus  wires  are  connected  to  the  plus 
and  minus  terminals. of  the  thermocouple,   (fire-end). 

Do  not  use  extension  leads  intended  for  base-metal  themio- 
couples,  for  rare-metal  thermocouples,  or  vice  versa. 
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Do  not  let  extension  leads  get  wet  particularly  those  insulated 
with  asbestos. 

Extension  leads  have  a  high  electrical  resistance  and  should 
only  be  used  in  specified  length  supplied  by  the  manufacturer, 
(unless  the  indicator  or  recorder  is  a  potentiometer). 

About  the  Thermocouple. 

Dififerent  types  of  thermocouples  will  not  indicate  the  same 
temperature  unless  they  are  connected  to  an  indicator  or  recorder 
intended   for   them. 

If  the  wires  or  elements  of  a  thermocouple  break  they  can  be 
welded  together  again.  In  welding  base-metal  thermocouples  use 
borax  as  a  flux. 

Use   no  flux   on   rare-metal   wires. 

An  oxy-gas  or  oxy-hydrogen  flame  is  required  to  weld  a  rare- 
metal  thermocouple. 

Throw  away  old  base-metal  thermocouples  so  that  nobody  can 
use  them  and  get  into  trouble. 

About  Indicators  and  Recorders. 

Indicators  and  recorders  must  be  mounted  where  vibration 
and  jar  will  not  injure  the  delicate  parts  of  the  mechanism,  and 
where  they  are  not  exposed  to  corrosive  fumes,  smoke  or  dirt, 
water,  or  excessive  heat.  They  must  not  be  mounted  on  a  hot 
furnace  wall,  or  where  radiation  or  hot  air  from  the  open  furnace 
door,  or  from  the  hot  work  removed  from  the  furnace  will  heat 
them  high  enough  to  feel  at  all  uncomfortably  warm  to  the  hand. 

Do  not  open  the  case  of  a  millivoltmeter.  If  the  pointer  sticks 
and  cannot  be  loosened  by  tapping  the  case  with  the  knuckles,  re- 
turn the  indicator  to  the  maker  to  be  cleaned. 

Do  not  let  lighting  or  power  circuits  get  crossed  with  the 
pyrometer  circuit.  A  pyrometer  will  not  stand  more  than  one- 
tenth  of  one  volt   (0.1  volt)   in  its  circuit. 

When  using  a  multiple  point  potentiometer  recorder,  always 
short  the  "points"  not  in  use.  Otherwise  the  instrument  will 
drift  on  these  points  and  confuse  the  record. 

Potentiometer  recorders  are  supplied  with  means  for  indicating 
when  the  battery  cells  are  run  down.  Use  only  one  dry  cell  in 
series   (any  number  in  parallel). 

Any  pyrometer  will  usually  indicate  wrong  if  anything  about 
it  is  wrong-. 
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The  Question  Box 

A  Column  Devoted  to  the  Asking,  Answering  and  Discussing 

of  Practical  Questions  in  Heat    Treatment  —  Members 

Submitting  Answers  and  Discussions  Are  Requested 

to  Refer  to  Serial  Numbers  of  Questions 


NEW   QUESTIONS 

QUESTION  NO.  93.  What  are  the  more  common  methods 
of  quenching  ardinary  taps?  Are  they  quenched  all  over  and  the 
shanks  drazvn,  or  are  they  quenched  only  on  the  threaded  portions; 
or  are  both  the  threaded  portions  and  the  tangs  quenched,  leaving 
the  center  portion  of  the  shank  soft? 


QUESTION  NO.  94.     What  are  the  most  salient  causes  of 
the  explosive  disruption  of  many  hardened  steel  articles? 


QUESTION   NO.   95.     What  is  meant   by  ''self  hardening' 
steels? 


ANSWERS   TO   OLD   QUESTIONS 

QUESTION  NO.  67.  What  is  the  reason  for  the  fact  that  a 
piece  of  steel  quenched  in  brine  will  be  harder  than  the  same  piece 
of  steel  zvould  be  if  quenched  in  water,  providing  tliat  the  quench- 
ing temperatures  and  quenching  medium  temperatures  are  the 
same  in  each  case? 


The  answer  to  this  question  appearing  in  the  June  1923  issue 
of  Transactions,  has  caused  the  following  discussion. 

DISCUSSION.     By  H.   W.  Lincoln,   industrial   heating  engi- 
neer, Connecticut  Light  &  Power  Co.,  Waterbury,  Conn. 

The   reason  given   that  brine  has   a  higher   specific   heat   than 
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water  would  be  a  very  logical  explanation,  but  most  authorities 
give  brine  a  lower  specific  heat  varying  from  0.99  per  cent  for  a 
one  per  cent  solution  to  0.78  per  cent  for  a  25  per  cent  solution. 
Furthermore,  although  the  specific  gravity  of  brine  is  higher  than 
that  of  water,  the  product  of  specific  heat  and  specific  gravity 
for  any  given  brine  solution  is  less  than  one  per  cent,  meaning  that 
a  given  volume  of  brine  will  absorb  less  heat  per  degree  Fahr.  rise 
in  temperature  than  the  same  volume  of  water.  According  to  the 
Smithsonian  Physical  Tables,  the  conductivity  of  brine  is  less  than 
that  of  water  and  its  viscosity  is  higher,  both  of  which  factors 
would  tend  to  make  the  quenching  speed  of  brine  less  than  that  of 
water. 

In  fact,  the  only  reason  which  the  writer  has  been  able  to 
find  for  the  greater  quenching  speed  of  brine  is  that  there  is  less 
liability  of  a  steam  blanket  forming  around  the  piece  being 
quenched.  It  would  seem  that  this  property  can  be  due  only  in  part 
to  the  higher  boiling  point  of  brine,  as  the  boiling  point  is  raised 
only  about  9  degrees  Fahr.  for  a  25  per  cent  solution  of  brine. 
The  claim  has  been  made  by  some  steel  treaters  that  a  piece  of 
steel  can  be  made  harder  by  quenching  in  pure  water  than  in 
brine  and  it  would  seem  that  this  might  be  true  of  a  small  piece 
which  could  be  moved  about  rapidly  so  that  the  steam  blanket 
would   not    form. 


QUESTION  NO.  69.  Is  sulphur  up  to  0.10  per  cent  detri- 
mental to  the  quality  and  physical  properties  of  an  automotive 
steelf 


QUESTION  NO.  72.     What  elements  arc  conducive  to  good 
electric  butt-zvelding  of  steels? 


QUESTION  NO.  72).  Does  electric  butt-welding  destroy  the 
physical  properties  developed  in  a  steel  which  has  been  heat  treated 
prior  to  the  welding  operation? 


QUESTION  NO.  74.  Why  shouldn't  a  bar  of  steel  rolled 
from  a  locotnotive  axle  be  better  than  one  rolled  direct  from  the 
billet  made  from  the  original  ingot? 
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QUESTION  NO.  83.  In  annealing  higJi-carbon  tool  steel 
in  an  open- fire  furnace  6'  x  XT  is  it  likely  that  sulphur  zvould  be 
imparted  to  the  steel  by  the  use  of  producer  gas  made  from  coal 
unusually  high  in  sulphur,  say  around  1.50  to  2.00  per  cent? 


QUESTION  NO.  85.  What  is  the  best  method  of  prevent- 
ing carburization  in  holes,  or  in  the  bore  of  parts  to  be  case  hard- 
ened? 


QUESTION  NO.  88.     What  are  the  flash  and  fire  points  of 
the  principal  vegetable,  animal  and  mineral  oils? 

ANSWER.     The  following  list  gives  the  latest  determinations 
of  the  principal  vegetable,  animal  and  mineral  oils : 

Flash  Fire 

Degrees  Degrees 

Name                                                     Fahr.  Fahr. 

Corn 480  635 

Cottonseed 582  644 

Prime  Lard 530  644 

600 

No.  2  Lard 419  468 

Boiled  Linseed 378  572 

Raw  Linseed 525  644 

Neatsfoot 439  523 

Olive 451  541 

Light  Mineral  Oil  (25  degrees  Beaume) 410  475 

75  per  cent  Light  Mineral,  225  per  cent  Neatsfoot 410  471 

75  per  cent  Light  Mineral,  50  per  cent  Lard 410  489 

50  per  cent  Light  Mineral,  50  per  cent  Lard 423  513 

25  per  cent  Light  Mineral,  75  per  cent  Lard 441  543 

Sperm  No.  1 428  518 

Sperm  No.  2 486  574 


QUESTION  NO.  89.  PVhat  are  the  melting  points  of  the 
principal   chemical   elements? 

ANSWER.  The  following  gives  the  latest  determinations  of 
melting  points  of  the  principal  chemical  elements,  supplied  by  the 
United  States  bureau  of  standards : 

Degrees   Degrees  Degrees  Degrees 

Element               Cent.        Fahr.  Element  Cent.  Fahr. 

Aluminum 659         1218  Mercury —39  —38 

Antimony  630         1166  Molybdenum 2500  4532 

Barium 850         1562  Nickel 1452  2646 

Bismuth 271  520  Nitrogen —210  —346 
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Element  °C  °F 

Boron 2200  3992 

Calcium 810  1490 

Carbon 3600  6510 

Chlorine —102  —151 

Chromium 1520  2768 

Cobalt 1480  •    2696 

Copper 1083  1981 

Gold 1063  1945 

Hydrogen —259  — 434 

Iodine 113  236 

Iridium 2350  4262 

Iron 1530  2786 

Lead 327  621 

Magnesium 651  1204 

Manganese 1260  2300 


Element  "^C  °F 

Oxvgen —218  —360 

Palladium 1549  2820 

Phosphorus 44  111 

Platinum 1755  3191 

Potassium 62  144 

Silicon 1420  2588 

Silver 960  1761 

Sodium 97  207 

Sulphur  81 113  236 

Tantalum 2850  5160 

Tin 232  450 

Titanium 1800  3272 

Tungsten 3000  5430 

Vanadium 1720  3128 

Zinc 419  787 


QUESTION  NO.  90  Please  give  the  temperatures  and  corre- 
sponding temper  colors  used  in  the  drazving  of  carbon  steel. 

ANSWER.  The  following  list  gives  the  temperatures  and  cor- 
responding temper  colors  produced  by  heat  in  the  drawing  of  car- 
bon steel. 


Cent,  degrees 

Fahr.  degrees 

Colors 

215.6 

420 

Very  Faint  Yellow 

221.11 

430 

Very  Pale  Yellow 

226.67 

440 

Light  Yellow 

232.23 

450 

Pale  Straw  Yellow 

237.78 

460 

Straw  Yellow 

243 . 34 

470 

Deep  Straw  Yellow 

248.9 

480 

Dark  Yellow 

254.45 

490 

Yellow  Brown 

260 

500 

Brown  Yellow 

265.56 

510 

Red  Brown 

271.11 

520 

Brown  Purple 

276.67 

530 

Light  Purplej 

282.23 

540 

Full  Purple 

287.78 

550 

Dark  Purple 

293.34 

560 

Light  Blue 

298.9 

570 

Dark  Blue 

QUESTION  NO.  91.  Please  state  the  temperatures  and  cor- 
responding colors  used  in  hardening  carbon  steel. 

ANSWER.  The  following  are  the  latest  determinations  giv- 
ing the  temperatures  and  corresponding  colors  in  hardening  carbon 
steel. 
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Cent,  degrees 

Fahr.  degrees 

Colors 

400 

752 

Red  Heat,  visible  in  the  dark 

474 

884 

Red  Heat,  visible  in  the  twilight 

525 

977 

Red  Heat,  visible  in  the  daylight 

581 

1077 

Red  Heat,  visible  in  the  sunlight 

700 

1292 

Dark  Red 

800 

1472 

Dull  Cherry  Red 

900 

1652 

Cherry  Red 

1000 

1832 

Bright  Cherry  Red 

1100 

2012 

Orange  Red 

1200 

2192 

Orange  Yellow 

1300 

2372 

Yellow  White 

1400 

2552 

White  Welding  Heat 

QUESTION  NO.  92.     What  is  meant  by  reduction  of  area 
in  tensile  testing  of  metals? 
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Abstracts  of  Technical  Articles 

Brief  Reviews  of  Publications  of  Interest 
to  Metallurgists  and  Steel  Treaters 


FATIGUE  FAILURE  OF  METALS.  By  C.  F.  Jenkin  in  Proceedings 
of  the  Royal  Society  (London),  No.  1034  A,  page  121    (1923). 

The  above  article  offers  a  theory  to  explain  the  mechanism  of  fatigue 
failure  up  to  the  yield  point  in  which  it  is  assumed  that  some  of  the  crystals 
are  initially  stressed,  and  that  the  fatigue  range  is  the  same  as  the  elastic 
range.  It  does  not  explain  the  effect  of  test  speed  or  deviations  from  Hooke's 
law.  It  has  been  applied  only  to  wrought  iron,  steel,  nichrome  and  carbon 
and  is  probably  not  applicable  to  brittle  metals. 

CONTROLLING  CAST-IRON  HARDNESS.  By  S.  J.  Felton  in 
Foundry  No.  51,  page  321    (1923). 

This  article  states  that  metallographic  study  showing  the  different  con- 
stituents indicates  the  causes  of  hardness.  Control  methods  are  outlined. 
It  further  states  that  close-grained  iron  is  not  likely  to  be  porous  but  has 
large  internal  shrinkage. 

EFFECT  OF  ANNEALING  GRAY  IRON.  By  J.  F.  Harper  and  R.  S. 

MacPherran,   in  Foundry   No.   51,  page   177    (1923). 

The  authors  of  the  above  article  state  that  test  bars  heated  at  different 
temperatures  for  various  lengths  of  time  show  changes  in  strength  and 
hardness  caused  by  annealing.  Charts  are  given  showing  the  results  and  mi- 
crographs  shown. 

THE  IMPORTANCE  OF  PHYSICAL  CHEMISTRY  IN  THE  MET- 
ALLURGY OF  IRON.  By  R.  Schenck  in  Stahl  und  Eisen,  No.  43,  pages 
65  and   153    (1923). 

In  this  article  the  author  discusses  the  importance  of  the  phase  rule 
and  its  applications  in  blast  furnace  practice.  Illustrations  of  curves  and 
calculations  are  given. 

PROGRESS  IN  THE  MANUFACTURE  OF  MARTIN  STEEL.  By 
A.  Barberot  in  Revue  de  Metallurgie,  No.  20,  pages  1  and  95   (1923). 

This  article  gives  a  detailed  review  of  the  development  of  the  process 
and  the  equipment  used,  from  the  beginning  until  the  present  day. 
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NEW  METHOD  FOR  CASE  HARDENING.  By  Frank  Hodson,  in 
Chemical  and  Metallurgical  Engineering,  No.  28,  page  308,    (1923). 

In  this  article  the  author  shows  how  the  carbon  in  the  gas  in  the  car- 
burizing  pots  is  materially  increased  by  means  of  a  catalyzer.  The  advan- 
tages in  the  use  of  this  method  are  given. 

LOW-TEMPERATURE  BRITTLENESS  IN  SILICON  STEELS. 
By  N.  P.  Pilling  in  Transactions  of  American  Institute  of  Mining  and 
Metallurgical    Engineers,   No.    1220-S,    (1923). 

This  article  states  that  the  brittleness  of  silicon  steel  is  an  inherent 
property  of  iron,  modified  by  the  alloyed  silicon.  Commercial  silicon  steel 
becomes  brittle  when  the  silicon  content  exceeds  4.2  per  cent.  Temporary 
ductility  may  be  obtained  by  carrying  on  cutting  operations  at  temperatures 
slightly  above  the  atmosphere,  the  temperature  depending  on  the  steel 
composition.  Brittleness  is  only  slightly  modified  by  heat  treatment.  The 
purest  iron  shows  a  similar  brittleness  at  about  130  degrees.  Silicon  and 
aluminum  raise,  and  manganese  lowers   the  critical  ductility  temperature. 

'      MALLEABLE-IRON  METALLURGY.     By  M.  M.  Marcus,  in  rottitdry 
No.  50,  page  995,  (1922). 

The  above  article  states  that  on  account  of  the  lower  carbon  and  silicon 
contents  and  consequent  higher  melting  point,  cast  iron  for  malleablizing 
must  be  poured  more  rapidly  and  at  a  higher  temperature  than  gray  iron. 
There  is  also  discussed  the  effect  of  varying  amounts  of  carbon,  silicon  and 
manganese,  and  data  are  given  on  annealing. 

OPEN-HEARTH  STEEL  PRACTICE.  By  Willis  McKee,  in  Foundry 
No.  50,  page  990,    (1922). 

This  article  states  that  combustion  that  is  imperfect  or  delayed  until 
after  the  gases  have  passed  over  the  charge  is  the  greatest  cause  of  low 
thermal  eflSciency,  and  also  causes  damage  to  uptakes,  slag  pockets,  and 
regenerators  from  overheating.  The  blowtorch  principle,  using  ports  of 
such  design  that  the  air  and  gas  mix  before  entering  the  hearth  chamber, 
prevents  this  trouble.  The  entering  velocity  must  be  high  to  keep  down 
combustion  in  the  ports.  The  melting  time  is  greatly  shortened.  In  using 
this  method  it  dispenses  with  gas  regenerator  chambers  when  producer  gas 
is  used,  and  to  make  the  gas  near  the  furnace  and  conduct  it  through  insulat- 
ed steel  mains.  This  would  simplify  construction  and  should  give  additional 
fuel  economy.     The  design  of  ports   is  discussed,   with  diagrams. 

METALLURGICAL  APPLICATIONS  OF  PHYSICAL  CHEMISTRY. 
By  C.  H.  Desch  in  Journal  of  Chemical  society.  No.   123,  page  280,    (1923). 
In   this  article  the  author  has   selected  a   number   of   subjects  to   indicate 
the  large  field  for  co-operation  between  the  physical  chemist  and  the  metal- 
lurgist. 
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Reviews  of  Recent  Patents 


1,449,206.  Method  of  and  Apparatus  for  Heavy  Spot  Welding. 
James  M.  Weed,  Schenectady,  N.  Y.,  assignor  to  General  Electric  Com- 
pany, a  corporation  of  New  York. 

This  invention  refers  to  a  method  of  spot  welding  plates  or  structural 
parts  by  compressing  the  plates  between  electrodes  through  which  a 
welding  current  is  passed,  characterized  by  the  fact  that  the  surfaces  to 
be  welded  are  provided  with  a  coating  adapted  to  furnish  a  relatively 
high  contact  resistance  between  the  plates  and  b}^  the  fact  that  the  sur- 
faces of  the  plates  where  thej^  are  engaged  by  the  welding  electrodes 
are  made  to  furnish  a  relatively  low  contact  resistance. 

1,449,251.  Electric-Furnace  Regulator.  John  A.  Seeds,  Schenectady, 
N.  Y.,  assignor  to  General  Electric  Company,  a  corporation  of  New 
York. 

This  patent  relates  to  a  regulating  apparatus  for  an  electric  arc  fur- 
nace having  co-operating  electrodes,  comprising  a  furnace  circuit,  means 
for  feeding  at  least  one  of  said  electrodes  toward  the  co-operating  elec- 
trode to  maintain  an  arc,  and  means  for  rendering  said  feeding  means 
inoperative  when  the  voltage  between  said  electrodes  falls  below  a  pre- 
determined value,  while  the  supply  voltage  in  said  furnace  circuit  is  as 
great  as  a  said  value. 

1,449,307.     Electric     Furnace.         Leone     Tagliaferri,     Genoa,     Italy. 

This  invention  refers  to  an  electric  furnace  for  melting  metal,  which 
consists  of  two  sets  of  electrodes,  the  separate  electrodes  of  one  set 
being  each  connected  to  the  source  of  current  to  be  in  one  phase  thereof 
and  the  electrodes  of  the  other  set  being  connected  to  the  neutral  of 
the  source  of  current  and  to  the  body  of  the  furnace,  and  said  electrodes 
being  positioned  so  that  the  axis  of  one  set  cross  the  axis  of  the  other 
set  and  each  set  being  movable  relative  to  the  other  set  and  the  body  of 
the  furnace,  so  that  arcs  may  be  produced  either  between  the  two  sets 
of  electrodes  above  the  bath  or  the  one  set  of  electrodes  and  the  metal 
carried  by  the  body  of  the  furnace. 

1,449,319  Process  of  Melting  and  Deoxidizing  Steel.  Albert  E. 
Greene,  Seattle,  Washington. 

This  relates  to  a  method  of  treating  iron  or  steel  which  consists 
in  melting  the   same  on  a  basic   hearth   with   an   oxidizing   slag,   remov- 
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ing  said  slag  and  applying  to  the  bath  a  finishing  slag  comprising  lime 
and  silica  in  approximately  such  proportions  as  to  form  a  neutral  mix- 
ture which  is  neither  strongly  acid  nor  strongly  basic,  and  finishing  the 
metal   with   said   slag. 

1,449,338.  Alloy  and  Process  of  Making  the  same.  Frederick  T. 
McCurdy,  Kokomo,  Ind.,  assignor  to  Haynes  Stellite  Company,  a  corpor- 
ation of  Indiana. 

This  patent  refers  to  a  metal  alloy  comprising  cobalt,  a  metal  of 
the  chromium  group,  and  tantalum,  the  cobalt  and  metal  of  the  chrom- 
ium group  each  being  present  in  the  proportion  of  at  least  10  per  cent, 
and  the  tantalum  being  not  substantially  in  excess  of  5  per  cent. 

1,449,369.  Welding  Apparatus.  James  L.  Anderson,  Bayonne,  N.  J., 
assignor,  by  mesne  assignments  to  Air  Reduction  Company,  Inc.,  New 
York  City,  a  corporation  of  New  York. 

This  invention  refers  to  a  welding  apparatus  w^hich  provides  for  a 
means  for  holding  sheet  metal  parts  with  their  edges  in  relation  to  be 
fused  by  the  welder,  comprising  one  or  more  electromagnets  and  arma- 
tures, constituted  as  a  support  beneath  the  work  and  separated  clamp- 
ing arms  above,  to  grip  the  part  to  be  united  while  exposing  the  seam, 
the  lines  of  force  passing  through  the  work  between  the  magnet  poles  at 
one  side  and  the  armatures  at  the  other. 

1,449,373.  Corrosion-Resistant  Alloy.  Wesley  J.  Beck  and  James  A. 
Aupperle,  Middletown,  Ohio,  assignors  to  the  American  Rolling  Mill 
Company,    Middletown,    Ohio,  a   corporation  of   Ohio. 

This  patent  refers  to  a  workable  iron  alloy  highly  resistant  to 
destructive  corrosion  under  atmospheric  conditions,  and  fabricated  into 
forms  for  use  under  exposure  to  such  conditions,  containing  silicon 
ranging  upward  from  substantially  two  per  cent  to  a  percentage  not  so 
high  as  to  render  it  unworkable  and  containing  more  silicon  than  any 
other  alloying  metal. 

1,449,546.  Iron  Purifying  and  Balling  Furnace.  Oswald  S.  Pulliam, 
New  York  City. 

This  patent  refers  to  a  furnace  which  comprises  a  rotatory  hearth, 
and  agitating  means  movable  in  a  circular  path  over  the  surface  of  said 
hearth,  and  in  contact  therewith. 

1,449,637.  Process  of  Welding  Copi>er  to  Iron.  Guglielmo  Roberto 
Tremolada,  Detroit,  Mich.,  assignor  to  Detroit  Air  Cooled  Car  Com- 
pany, Detroit,  Mich.,  a  corporation  of  Delaware. 

This  patent  relates  to  a  process  which  consists  in  subjecting  copper 
containing  an  iron  alloy  to  molten  iron  in  a  suitable  mould,  whereby  the 
copper  may  be  fused  through  the  heat  of  said  molten  metal  and  be- 
come an  integral  part  of  the  casting  formed  from  the  iron  in  said  mold. 
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ADDRESSES  OF  NEW  MEMBERS  OF  THE  AMERICAN  SOCIETY  FOR 
STEEL  TREATING 

EXPLANATION  OF  ABBREVIATIONS.  M  represents  Member;  A  represents  Associate  Mem- 
ber; S  represents  Sustaining  Member;  J  represents  Junior  Member,  and  Sb  represents  Subscribing 
Member.  The  figure  following  the  letter  shows  the  month  in  which  the  membership  became  effective. 

NEW  MEMBERS 

ACKER,  L.  F.,   (M-8),  No.  2  Wellsford  St.,  Pittsburgh,   Pa. 

BEDEL  &  Co.,  (Sub.),  St.Etienne,  Paris,  France. 

BELLRINGER.   S.    M.,    (M-8),    161    S.    Church    St.,   Wavnesboro,   Pa. 

BLUE.  A.   A.,   (M-8),  c/o  The  Duff  Mfg.   Co.,   Pittsburgh,   Pa. 

BOEGEHOLD,  A.  L.,  (M-7),  General  Motors  Research  Corp.,  Day- 
ton,   Ohio 

BROWN,  H.  A.,  (M-8)  c/o  British  Embassy,  Washington,  D.  C. 

DONAHUE,  J.   L.,    (M-8)    66^   Whittier  Ave.,  Providence,   R.   L 

ERTEL,   JR.,   J.   C,   (M-6).   226  Adelaide   St.,    Indianapolis,   Ind. 

FERNOLD,    E.   H.,    (Jr-8)    Saco-Lowell    Shops,   Lowell,   Mass. 

GIBBONS,  JAMES.  (M-4),  436  Milwaukee  St.,  Milwaukee,  Wis. 

GILL,  R.  L..  (A-7),  Room  802-109  N.  Dearborn  St.,  Chicago,  111. 

GOLDCAMP,  CYRIL  F.,  (M-8).  337  Atwood  St.,  Pittsburgh,  Pa. 

HALE,  FRANK  L.,  (M-8).  137  Monterey  Ave.,  Pellham,  N.  Y. 

IHLEN,  ALF.   (M-5).  c/o  Strommenst  Verksted.  Strommenst.  Norway. 

LINCOLN,  THOMAS  J..   (M-8),  59  Judd  St..  Bristol,   Conn. 

LITTELL,  NELSON,  (M-8).  110  East  42nd  St..  New  York  City. 

NEW  DEPARTURE  MFG.  CO..  (S-6),  Plant  "A"  Bristol,  Conn.  Att.: 
Carl   Anderson. 

NEW   DEPARTURE  MFG.   CO.,   (S-6).   Plant   "C,"  Elmwood,   Conn. 
Att.:    F.   Casev. 

NEW^  DEPARTURE  MFG.  CO..   (S-6),  Forge  Plant,  Bristol,  Conn. 
Att.:   F.  Maver. 

NEW  DEPARTURE  MFG.  CO.,  (S-6),  Plant  "C,"  Elmwood,  Conn. 
Att.:    Patrick    Pepper. 

NEWELL,  R.  F.,  (A-6),  c/o  General  Electric  Co.,  120  Broadway,  New 
York    City. 

ROBINSON,  DON  M.,   (M-5).  422  Main  St.,  So.  Weymouth,   Mass. 

SCHEIB.  WALTER  H.,  (M-7).  c/o  Buell-Scheib-Mueller,  Inc.,  Colum- 
bia   Bank   Bldg.,    Pittsburgh,    Pa. 

SIMMONS.     CHARLES    B.,     (M-8),    c/o    New    Departure     Mfg.    Co., 
Bristol,   Conn. 

STEINREICH,  WM.  E.,  (M-8),  c/o  New  Departure  Mfg.  Co.,  Labora- 
torv.    Bristol.    Conn. 

TIMM.'  F.  M.,  (M-9).  1233  Jackson  St..  Hammond.  Ind. 

VAN  NORMAN.  E.  R..  (M-5).  27  Gould  Ave..  Caldwell.  N.  J. 

WATTEL.  CARL  F.,   (M-9),  296  Sherwood  Ave.,   Rochester,  N.   Y. 

WHITNEY  MFG.  CO.,  (S-8),  Hartford,  Conn. 

CHANGES   OF  ADDRESS 

ARMITAGE,  A.  N..  from  c/o  Laboratory  Mesta  Machine  Co.,  Pitts- 
burgh, Pa.,  to  4551  Huntington  Drive,  No.,  Los  Angeles,  Cal. 

ARNESS,  W.  B.,  from  2627  Nicollet  Ave.,  Minneapolis,  Minn.,  to 
Hotel  Svdnev.  Garv.  Ind. 

ARTHUR.  WALTER^  from  Reeds.  Mo.,  to  Socorro,  N.  Mex. 

BEGLEY,  J.  P.,  from  1448  E.  72nd  PI.,  to  6930  Crandon  Ave.,  Chicago 
111. 

BLAKESLEE,  MARSHALL  E..  from  Fafnir  Bearing  Co.  New  Britain, 
Conn.,  to  2434  Orin   Drive,   Oakland,   Cal. 


1923  NEW  MEMBERS  441 

BOWERS.  WHEELER,  from  464   E.  129th  St.,   Cleveland.   O..  to   1082 

E.  141st  St.,  Collinwood.  O. 
BROWN.  WALTER,  from  Kent  Owens  Machine  Co..  928  Wall  St.,  to 

362  Summit  St.,  Toledo,  O. 
CAMPBELL,    C.    M.,    from    Pioneer   Alloy    Products    Co.,    to    1195    East 

124th   St.,    Cleveland,    O. 
CHABOT.  J.  M.  T..  from  115  Court  St.,  to  1418  Magazine  St.,  Charles- 
ton,  W.   Va. 
CONNER,    C.    M.,    from   2224    Market    St.,    to    305    Wesley    Bldg.,    1701 
Arch  St.,  Philadelphia,  Pa. 

CROSBY,  V.  A.,  from  630  N.  Walnut,  to  c/o  Studebakcr  Corp.,   South 

Bend,    Ind. 
DEGOWIN,    W.    R.,    from    1432-24th    St.,    to    12057    Indiana    Ave.,    De- 
troit,  Mich. 

DIETRICH,  J.  A.,  from  5656  Rogers  St..  to  2660  Webb  Ave.,  Detroit, 
Mich. 

DIXON.  E.  O..  from  895  S.  Pierce  St..  Milwaukee,  Wis.,  to  12121  Eg- 
gleston  Ave.,   Chicago,   111. 

GANSER,  J.  N.,  from  415  S.  Main  St.,  to  c/o  Acme  Machine  Co., 
Mishawaka.    Ind. 

GELDER,  R.  H.,  from  176-15th  Ave.,  Columbus,  O.,  to  704  E.  Mont- 
gomery  Ave.,   Ashland,    Ky. 

GLAB,  PETER,  from  502  E.  JefTerson  St.,  to  260  Fremont  Street, 
Syracuse,  N.  Y. 

GRAHAM.  C.  A.,  from  14656  Scripps  Ave.,  to  c/o  Studebaker  Corp.. 
Plant  No.  3.   Detroit,   Mich. 

GREAVES.  ROBT.  K..  from  1336  W.  Washington  Blvd..  Chicago.  III., 
to  1620  W.  Lafayette   Blvd.,  Detroit.  Mich. 

GRIFFITHS,  E.,  from  59-16th  Ave.,  Columbus,  O.,  to  Union  Carbide 
&  Carbon  Research  Lab.,  Inc.,  Thompson  Ave.  &  Manby  St.,  Long 
Island  City,  N.  Y. 

GWILLIAM,  John,  from  c/o  The  Gwilliam  Co.,  253  W.  5th  St. 
New  York,  to  23  Flatbush  Ave.,  Brooklyn,  N.  Y. 

HAZEN.  ARTHUR  J.,  from  30  Union  St..  to  517  Union  St..  Hart- 
ford, Wis. 

HOLMES,  J.  Q.,  from  Y.   M .  C.  A.,  to  312  W.  8th  St..  Anderson,  Ind. 

HOWE,  M.  J.,  from  3915  Congress  St.,  to  1706  Jackson  Blvd.,  Chica- 
go,  111. 

HULBERT,  L.  G.,  from  4524  Avery  Ave.,  to  1670  Calvert,  Detroit. 
Mich. 

JENKS,  W.  E.,  from  11417  Continental  Ave.,  to  13415  Edgwood  Ave., 
Cleveland,    O. 

JOHNSON,  P.  A.,  from  4933  N.  Tripp  Ave.,  to  3701  N.  Drake  Ave.. 
Chicago,  111. 

KRUGER,  LOUIS  R.,  from  P.  O.  Box  256,  Michigan  City,  Ind.,  to  817 
W.    Washington    Blvd.,    Chicago,    111. 

LARCHER.  A.  J.,  from  15235  Center  Ave.,  Harvev.  111.,  to  305  Olive 
St.,  Blue  Island,  111. 

LOCKE,  A.  C.  from  19  Pleasant  St.,  to  22  Sessions  St.,   Bristol,   Conn. 

LOUDENBACK,  C.  I.,  from  2407  First  National  Bank  Bldg.,  to  2725 
Carter   Ave.,   Detroit,    Mich. 

MAROT,  E.  H..  from  7404  Hanover  St.,  Detroit,  Mich.,  to  2506  Vir- 
ginia  Park.   Detroit,   Mich. 

MARTELL,  FRED,  from  1526  S.  Main  St.,  to  930  E.  Donald  St., 
South   Bend,    Ind. 
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McOMBER,  M.  F.,  from  924  E.  Liberty  St.,  to  924  Maryland,  East 
Liberty    Station,    Pittsburgh,    Pa. 

MITCHELL,  D.  E.,  from  2377  E.  Grand  Blvd.,  to  c/o  Dodge  Bros.  Co., 
Detroit,    Mich. 

MOODY,  CHESTER,  S.,  from  Minn.  Steel  &•  Mach.  Co.,  29th  &  Min- 
nehaha, Minneapolis,  Minn.,  to  C.  L.  Best  Tractor  Co.,  San  Lean- 
dro,    Cal. 

MORANTY,  A.  F.,  from  3938  Livernais  Ave.,  to  1290  Lenox  Ave.,  De- 
troit,  Mich. 

ODEMAR,  F.  W..  from  305  Merchants  Bk.  Bldg.,  to  914  N.  Capitol  Ave., 
Indianapolis,   Ind. 

OLSEN,  CARL  L.,  from  1310  Beville  Ave.,  to  923  Eastern  Ave.,  In- 
dianapolis, Ind. 

PAGE  STEEL  &  FLAGG  CO.,  from  111  Court  St.,  to  219-221 
Water   St.,  .  New    Haven,    Conn. 

PERRETTO,  ROBT.,  from  9021  Wilson  to  9724  Chenlot,  Detroit,  Mich. 

ROBERTS,  J.  H.,  from  Atlas  Steel  Corp.,  to  c/o  Shorewood,  Country 
Club,   West   Lake   Road,    Dunkirk,   N.  Y. 

SCHMITT,  FRANK,  from  811  W.  Lafayette  Blvd.,  to  c/o  International 
Mfg.   Co.,   Detroit,    Mich. 

SHEPARD,  R.  L.,  from  141  Montana  W.,  to  c/o  Shepard  Co.,  Charle- 
voix and   Hart  Aves.,   Detroit,   Mich. 

STENGER.  BERNARD  H..  from  1620  John  St.,  Cincinnati,  O.,  to 
12632    Edmonton    Ave.,    Cleveland,    O. 

STUART,  C.  W..  from  53  Garfield,  to  c/o  Dodge  Bros.  Co.,  Detroit. 
Mich. 

TOPHAM,  R.  A.,  from  New  American  House,  42  Andrews  St.,  Lynn, 
Mass.,  to  162  So.   Common  St.,  West  Lynn,  Mass. 

VOLKOFF.  VLADIMIR  JR.,  from  199K-8th  St.,  Troy,  N.  Y.,  to  104 
Main  St.,  Waynesboro,  Pa. 

WAGAR,  T.  E.,  from  956  Melbourne  Ave.,  to  3773  Wager  Ave.,  De- 
troit,  Mich. 

WHITE,  W.  H.,  from  56  Murray  St.  New  York  City,  to  District  Man- 
ager,   Atlas    Steel    Corp.,    627    Hanna    Bldg.,    Cleveland,    O. 

WILLIAMS,  J.  J.,  from  73  Orient  St.,  to  35  Orient  St.,  Meriden,  Conn. 

ZIMMERLI,  F.  P.,  from  1585  Delaware  Ave.,  to  6438  Trumbull  Ave., 
Detroit,  Mich. 

ZORNIG,  MAJOR  H.  H.,  from  305  Mt.  Auburn,  Watertown,  Mass.,  to 
Picatinny  Arsenal,    Dover,   N.   J. 
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BACH,  A.  D.,  Atlas  Steel  Corp.,  725  St.   Clair  Ave.   NE.,Cleveland,0. 

CARMODY,  ARTHUR  J.,  221  Market  St.,  Hartford,  Conn. 

CLARK,   H.   A.,    1674   Pingree  Ave.,   Detroit,    Mich. 

FREDERICK,  J.  B.  Barber  Colman  Co.,  Rockford,  111. 

McMANUS,  W.  H.,  4417  2nd  Ave.,  Detroit,  Mich. 

RALSTON,  A.  L.,  1734  Lafayette  Blvd.,   Detroit,  Mich. 

WOLF,  ERNEST,  Lewis   Institute,   Chicago,  111. 
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INITIATIVE 

ELBERT  HUBBARD  rightly  said  that  "the  world  bestows  its 
big  prizes,  both  in  money  and  honors,  for  but  one  thing.  And 
that  is  Initiative." 

What  is  Initiative?  He  answers  that  "it  is  doing  the  right 
thing  without  being  told.  But  next  to  doing  the  thing  without 
being  told  is  to  do  it  when  you  are  told  once.  That  is  to  say. 
carry  the  message  to  Garcia.  Those  who  can  carry  a  message  get 
high  honors,  but  their  pay  is  not  always  in  proportion.  Next, 
there  are  those  who  never  do  a  thing  until  they  are  told  twice. 
Such  get  no  honors  and  small  pay.  Next,  there  are  those  who  do 
the  right  thing  only  when  necessity  kicks  them  from  Ijehind,  and 
these  get  indifference  instead  of  honors,  and  a  pittance  for  pay. 
This  kind  spends  most  of  its  time  polishing  a  ])ench  with  a 
hard  luck  story. 

"Then,  still  lower  down  in  the  scale  than  this,  we  have  the 
fellow  wlio  will  not  do  the  right  thing  even  when  someone 
goes  along  to  show  him  how  and  stays  to  see  that  he  does  it. 
He  is  always  out  of  a  job,  and  receives  the  contempt  he  deserves, 
unless  he  happens  to  have  a  rich  Pa,  in  which  case  Destiny 
patiently  awaits  around  the  corner  with  a  stuffed  club." 

How  many  do  you  know  who  fits  each  class?  The  successful 
man  can  only  come  from,  and  belong  to,  the  first.  He  must 
have  initiative  to  climb  high  on  the  ladder  of  success. 


REPORT  OF  FIFTH  ANNUAL  CONVENTION 

THE  October  issue  of  Transactions  goes  to  press  on  the  eve 
of  the  fifth  annual  convention  of  the  Society.  A  complete  report 
of    convention    activities    will    appear    in    the    November    issue    of 
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HENRY    MARION    HOWE   MEMORIAL    SERVICE 

T  THE  Episcoi>al  Cathedral  (if  St.  John,  the  Divine.  One 
hundred  and  tenth  street  and  Amsterdam  avenue,  X'ew  York- 
City  at  5:00  p.  m.  on  Thursday.  Oct.  25.  1923.  will  he  held  a 
memorial  ser\-ice  for  the  late  Dr.  Henry  Marion  Howe,  president 
of  the  American  Institute  of  Mining  Engineering  in  1893,  in 
whose  memory  the  institute  has  recently  estal)lished  the  Henr}- 
Marion  Howe  Lecture. 

The  memorial  service  will  be  largely  musical,  b\-  the  Cathedral 
organist  and  choir,  with  short  addresses.  Dr.  Nicholas  Murra\ 
Butler,  president  of  Columbia  university,  has  been  asked  to  be 
one  of  the  speakers.  Doctor  Howe  was  a  vestryinan  in  an 
Episcoi^al  church  in  this  diocese.  He  combined  the  qualities  of 
the  great  scientist  with  those  of  a  devout  christian.  Bishop  Man- 
ning and  Dean  Robbins  idealized  the  service  as  an  expression 
of  the  harmony  which  can  and  does  exist  fundamentally  between 
science   and   religion,   when   understood   profoundl\-. 

After  conference  between  Bishop  Manning  and  judge  Gary, 
as  president  of  the  American  Iron  and  Steel  institute,  the  date 
of  the  service  was  selected  so  as  to  coincide  with  the  autumn  meet- 
ing of  the  American  Iron  and  Steel  institute.  (Jwing  to  the  ab- 
sence of  Mrs.  Howe,  it  was  deemed  best  not  to  hold  the  service 
at  the  time  of  the  anmial  meeting  of  the  .\merican  Institute  of 
Mining  Engineering  last  February.  The  directors  of  the  American 
Institute  of  Mining  Engineering  have,  however.  apjxMnted  a 
committee  to  co-operate  with  Dean  Robbins  in  arranging  the  de- 
tails of  the  service,  and  it  is  hoped  that  many  members  of  the 
institute  in  the  East  will .  attend  it.  The  Cathedral  is  more  than 
large  enough  to  seat  all  who  can  and  will  come.  Everyone  is 
invited  who  is  interested  or  attracted  b)'  the  beauty  of  the  service, 
or  desires  to  join  in  this  token  of  respect  to  our  late  distinguished 
past-president, 
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GEORGE  KIMBALL  BURGESS 
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George  Kimball  Burgess 
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W.  S.  BiDLE  Robert  M.  Bird 

President,  \V.  S.  Bidle  Co.,  Engineer  of  Tests,  Bethlehem  Steel  Co., 

Cleveland,  Ohio  Bethlehem,   Pa. 

Secretary 
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Cleveland,  O. 
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Zay  Jeffries 
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NEW  OFFICERS 

THE  tellers  of  election  have  counted  the  ballots  cast  by 
the  membership  of  the  American  Society  for  Steel  Treat- 
ing and  the  following  new  officers  have  been  elected :  Presi- 
dent, Dr.  George  K.  Burgess,  director,  Bureau  of  Standards. 
Washington,  D.  C. ;  second  vice  president,  Robert  M.  Bird, 
engineer  of  tests,  Bethlehem  Steel  Company,  Bethlehem,  Pa, ; 
treasurer,  Zay  Jeffries,  research  bureau.  Aluminum  Company 
of  America,  Cleveland ;  director,  J.  Fletcher  Harper,  research 
engineer,  Allis-Chalmers   Mfg.   Company,   Milwaukee,   Wis. 

The  board  of  directors  of  the  society  will  be  composed 
of  the  newly  elected  officers  and  the  following:  First  vice 
president,  W.  S.  Bidle,  president,  W.  S.  Bidle  Company ;  sec- 
retary,   W.    H.    Eisenman,    4600    Prospect    avenue,    Cleveland ; 
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IW.  S.  BIDLE 
First  Vice  President  of  the  Society 


ROBERT  M.  BIRD 

Second  Vice  President  of  the  Society 


W.  H.  EISENMAN"  ZAY  JEFFRIES 

National  Secretary  of  the  Society  Xational  Treasurer  of  the  Society 
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T.  D.  LYNCH 

Past  President 

National  Director  of  the  Societ\ 


F.  P.  GILLIGAX 

Past  President 

National   Director  of  the  Sc>ciet\ 


S.  M.  HAVENS 
National  Director  of  the  Society 


J.  FLETCHER  HARPER 
Nationar   Director  of  the  Societ> 
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director,  T.  IJ.  L\  nch.  pa.si-presidenl,  inanajjcr.  M.  &  J',  en- 
gineering department.  W'estinghoiise  Klectric  ^:  Mfg.  Com- 
pany, East  Pittsburgh;  director,  F.  \\  (lilligan.  past-presidenl. 
secretary-treasurer,  Henry  Soiitlier  I'.nginc-fring  Conij)an\. 
ITartford.   Conn. 

The  new  officers  will  begin  their  duties  at  the  close  ni 
the  annual  con\ention  of  the  .Soi-iet\  at  rittsburgh.  (  )ctobrr 
8  to  12.  192.V 

Tile    report    oi"    ihc    tt'ller>    of   election    is    ;is    follows: 

.\u,nii;.t    15,    102.?. 
To    llie    Secretary. 

.\inerican    Society    lor   Steel    1  reating. 
4600    Prospect    Avciuu. 
rievelaiul.    Ohio. 

The  Conimittee  ot  Tclkis  hegs  to  .suhmit  the  leMilts  of  the  hal- 
loting  by  the  membership  for  National  Officers  of  the  American 
Society   for   Steel   Treating. 

These  ballot.^  were  received  b>-  the  Conuiiittee.  opened,  examined, 
and  counted  in  the  National  Headcjuarters  of  the  Society  at  4600 
Prospect  Avenue,   Cleveland,  Ohio. 

The   signature  of  each   voting  member   written   on   the   outside   of  the 
envelope    had    previously    been    verified    by    Secretary    \\'.    H.    Eisenman. 
and    found    to    be    correct. 
The    tabulation    of   the    count    is   as    follows: 

For  Scattering  Defective  Total 

Inr  F result  III 

One  Year 

( ..     K.     Burgess ''U'  4  .^6  <>59 

f  or   Second   Vicr    I'rrsiiiciil 

Two  Years 

Robt.     M.     Bird. 922  1  36  9.^Q 

For    Treasurer 

Two  Years 

Zay    Jeffries 92(i  .i  .Vi  939 

For   Director 

Two  Years 
I.    F.    Harper ,S9(i  27  Mt  'J.SM 

Respectfully    sulnmtled. 

rommittee    of    TcUer.s. 

C.   W.    SIMPSOX. 

C.   M.   CAMPBELI.. 

C.    G.    SHONTZ.    rhnirnian. 
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THE   THEORY   IN    QUENCHING    STEELS 
By    Kotaro    Honda 

Abstract 

The  until ur  of  this  paper,  a  well  knoicm  authority 
on  the  metallurgy  of  iron  and  steel,  has  reviezved  in  con- 
siderable detail  the  theory  of  the  mechanism  and  prin- 
ciples involved  in  the  quenching  of  steels. 

Quenching  cracks  arc  closely  studied  and  the  author 
points  out  that  the  generally  accepted  cause  of  the  crack- 
ing of  high  carbon  steels  by  quenching  in  zvater,  is  not  as 
evident  as  has  been  supposed.  The  nonuniform  distribu- 
tion of  temperature  and  the  difference  in  martensite  ex- 
pansion of  adjacent  parts  during  quenching ,  are  not  alone 
the  causes  of  quenching  cracks,  because,  as  the  result  of 
the  author's  experiments  it  was  found  that  cracking  occurs 
only  when  the  quenching  temperature  exceeds  the  A^^  point. 
The  cracks,  therefore,  must  have  some  connection  with  the 
A^  transformation.  The  author  develops  the  theory  in 
this  connection  as  based  upon  experimental  data.  Hard- 
ness tests  of  specimens  quenched  from  various  tempera- 
tures arc  included  in  this  paper.  In  conclusion  the  author 
suggests  a  remedy  for  eliminating  quenching  cracks. 

Prixciple   iw    Quenching 

^  I  ^HE  quenching  of  a  steel  in  its  heat  treatment  originally 
-■-  means  the  suppression  of  a  transformation  by  a  rapid  cooling. 
This  rapid  cooling  is  usually  obtained  by  plunging  a  heated  steel 
in  cold  water  or  oil.  If  a  metal  possessing  a  transformation  at  a 
high  temperature  be  heated  above  this  temperature  and  then  cooled 
very  rapidly,  the  transformation  is  partially  or  wholly  arrested. 
The  metal  requires  a  certain  time  to  perform  a  transformation, 
and  if  this  time  is  insufficient,  the  transformation  cannot  progress 
at  all,  or  goes  on  a  little,  before  the  metal  cools  to  room  tempera- 
ture ;  but  any  transformation  taking  place  very  easily  at  high 
temperature  scarcely  goes  on  at  room  temperature,  owing  to 
the  great   viscosity   of   the   metal   at   low   temperature.      Thus,   by 


A  paper  presented  at  the  annual  convention  of  the  Society,  Pitts- 
burgh. October  8-12.  1923.  The  author,  Kotaro  Honda,  is  professor  of 
metallurgy,  Tohoku  Imperial  University,  Sendai,  Japan.  Written  dis- 
cussion of  this   paper   is   invited. 
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water  quenching  a  metal  possessing  a  transformation,  from  a  tem- 
perature above  the  transformation  point,  the  state  or  the  phase  at 
the  high  temperature  can  be  preserved  at  room  temperature. 
Hence  we  can  easily  study  its  structure  microscopically.  This  is 
the  principle  of  quenching  and  is  widely  used  in  the  science  of 
metallurgy ;  its  absolute  validity  is  generally  admitted. 

QUKXCHING    OF    StEELS 

Take  for  the  sake  of  simplicity,  the  case  of  quenching  of  a 
0.90  per  cent  carbon  steel.  Above  the  A^  point,  the  steel  has  an 
austenitic  structure  consisting  of  a  solid  solution  of  carbon  in 
"y-iron,  and  below  it  a  pearlitic  structure  consisting  of  a  mechanical 
mixture  of  ferrite  and  cementite  forming  the  well-known  lamellar 
distribution.  Hence  by  quenching  the  steel  above  the  A^  point, 
it  is  to  be  expected  to  have  an  austenitic  structure,  or  if  the 
quenching  is  not  sufficiently  effective,  a  pearlitic  structure.  Con- 
trary to  our  expectation,  we  obtain  a  structure  quite  different 
from  either  of  them.  This  structure  consists  of  very  fine  needle- 
shaped  crystals  known  as  martensite ;  being  a  very  hard  homo- 
geneous phase  consisting  of  a  solid  solution  of  carbon  in  a-iron. 
By  X-ray  analysis.  Dr.  AX'estgren^  has  shown  that  in  the  austenitic 
region,  i.  e.,  above  the  A3  point,  iron  has  a  face-centered  cubic 
lattice,  but  below  it  a  cubic  centered,  thus  the  A3  transformation  in 
iron  being  the  change  of  atomic  configuration  from  a  f^ce-centered 
cube  to  a  cube-centered,  or  vice  versa,  and  that  the  atomic  configura- 
tion in  martensite  is  the  body-centered  cube  as  in  a-iron,  but  diff'ers 
from  the  latter  in  taking  carbon  atoms  in  the  interspace  of  the 
cubic  lattice.  From  the  diff'usion  of  the  spectrum  lines,  he  also 
concludes  that  individual  crystals  constituting  the  martensitic  struc- 
ture are  very  fine,  each  containing  only  several  hundreds  of  atoms. 
There  is  thus  no  doubt  that  martensite  is  a  solid  solution  dift'erent 
in   phase   from   austenite,   dift'ering  of   course   from   pearlite. 

If  by  quenching  a  steel,  neither  austenite  nor  pearlite,  but 
martensite,  is  obtained,  the  principle  of  quenching  is  violated,  and 
hence  numerous  results  of  investigations  hitherto  made  by  many 
metallurgists  in  observing  the  microstructure  of  quenched  metals 
and    alloys    may   not    be    true.      The    formation    of    martensite    by 


1.     Iron    and    Steel    Institute,    1921,    No.    1;    1922,    Ko.    1. 
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quenching  is  thus  a  \ery  important  and  serious  problem  in 
metallurgy ;  hence  it  is  much  to  be  desired  thaH  if  possible,  the 
above  problem  will  be  so  explained  as  to  conform  with  the  principle 
of  quenching. 

The  Theory  of  Quenching 

From  the  structural  point  of  view,  the  A,  transformation  cmi 
>ists  of 

austenite«=±pearlite. 
but   according  to   the   present   writer,-   this    shows    onl\    the    result 
of  the  transformation,  and  the  change  itself  consists  in   reality  of 
the   stepped   change,   that  is, 

anstenite^martensite^])ear]ite 

or 

solid    .-olution  "v^solid    solution /:^?:±Fe -j- FCsC. 

During  a   slow  cooling,  at  the  Aj   point,  austenite  first  changes 

into    martensite.    and    the    latter    being    at    the    high    temperature, 

changes    immediately    into   pearlite,    the    result   being   the    same    as 

austenite— »pearlite. 
During  a  \  ery  rapid  cooling,  such  as  quenching,  the  change  from 
austenite  to  martensite  i^  so  tar  retarded  that  it  begins  to  take 
])lace  at  below  300  degree  Cent.  (572  degrees  Fahr.).  and  when 
this  change  is  completed,  the  specimen  is  nearly  at  room  tempera- 
ture, and  hence  the  second  change  from  martensite  to  pearlite 
cannot  progress,  owing  to  the  great  viscosity  of  the  specimen  at 
room  temperature.  Thus  by  quenching  the  steel  in  water,  marten- 
site is  obtained.  This  explanation  does  not  at  all  contradict  the 
])rinciple   of   quenching. 

Since   during    cooling,   the    change    from    austenite    to    pearlite 
always    occurs    through    an    intermediate    phase    martensite.    it    is 
natural  to  assume  that  during  heating,  the  Aj  transformation,  that 
is,  the  change  from  pearlite  to  austenite  takes  place  through  mar 
tensite,  lUiless   some   negative    facts  are   found. 

According  to  the  above  theory  of  quenching,  the  perfect 
(juenching  is  obtained  when  the  first  change  in  the  stepped  trans- 
formation, austenite-^martensite,  completely  takes  place,  and 
the  second  change,  martensite— ^pearlite.  is  completely  suppressed. 
In  the  case  of  a  less  rapid   cooling,   the   first   change   occurs  at   a 

2.     Sciekre    Reports    8    (19]»),    181;    11     (lft22).     489.     K.    Honda    and    T.    Matsiishit;.. 
Srifinre  Reports   8    flJUfl)  ;    K.    Honda    and   S.    Tdei  ;    Srien-re   Reports   9    (1920),   491. 
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little  higher  temperature  than  in  the  above  case,  and  therefore 
the  second  change  partially  progresses,  resulting  in  a  martensitic 
structure  mixed  with  pearlite  (troostite  in  actual  case).  Since 
the  hardnesses  H  of  austenite,  martensite  and  pearlite  satisfy  the 
following   relation. 

H    austenite        <;[    H    martensite        >    H    pearlite 

the  hardness  of  the  martensite  mixed  with  pearlite  is  less  than  that 
of  pure  martensite.  This  is  the  case  of  an  imperfect  (|uenching. 
In  the  case  of  an  extremely  rapid  cooling,  not  only  the  second 
change  is  completely  suppressed,  but  even  the  first  change  is  par 
tially  suppressed.  We  then  obtain  a  martensitic  structure  mixed 
with  austenite,  the  hardness  of  which  is  less  than  that  of  pure 
martensite.  This  is  the  case  of  a  too  severe  quenching.  In  .such 
a  case,  however,  a  little  tempering  at  a  temperature  below  100 
degrees  Cent,  which  accelerates  the  change  of  the  remaining  au- 
stenite  into    martensite.    increa.se    its    hardness    slightly. 

Equilibrium     Dl-vgram     of  Iron-Carbon     System     and     the 
Stepped  Transformation 

Fig.  1  is  that  portion  of  the  constitutional  diagram  of  the  iron- 
carbon  system,  which  has  the  connection  with  the  Ai  transforma- 
tion. The  A3  point  of  pure  iron  is  lowered  by  the  addition  of 
carbon  along  the  line  A3E,  till  it  reaches  the  eutectoid  horizontal 
AjC  at  point  E.  Above  the  eutectoid  concentration  E,  the  A,  line 
coincides  with  the  eutectoid  line  EC.  EB  is  the  solubility  line  of 
cementite  in  >-iron  or  austenite.  The  dotted  horizontal  is  the  A. 
line;  this  line  is  so  drawn,  since  the  A,  transformation  is  not  the 
change  of  phase. 

From  the  equilibrium  diagram,  it  is  to  be  concluded  that  along 
line  A3E,  double  processes  consisting  of  the  A3  change  and  the 
precipitation  of  ferrite  begins  to  take  place,  and  that  along  line 
EC,  in  which  the  A3  point  falls,  the  above  double  processes  occur 
at  the  same  temperature.  Since  the  A3  transformation  during  cool- 
ing consists  of  the  change  of  configuration  in  iron  atoms  from 
the  face-centered  cube  to  the  body-centered,  carbon  being  still 
present  as  a  solid  solution,  the  first  change  of  the  double  processes 
in  the  ca.se  of  .steels  is  nothing  but  the  change,  austenite-^marten- 
site.  and   the   second   change,    that   is.    the   precipitation   of    ferrite 
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from  martensite  is  the  change,  martensite— >pearlite.  Thus  the 
double  processes  just  referred  to  are  the  same  as  the  stepped 
change  before  mentioned,  that  is, 

austenite—^martensite^pearlite 

Suppose   we    cool   a   hypereutectoid    steel    from   the   austenitic 

region ;  on  reaching  line  EB,  cementite  begins  to  precipitate  from 

austenite   and   continues  to    do    so,    as   the   temperature    falls,  till 

the  concentration  of  the  remaining  austenite   reaches  that  of  eu- 


/lOO 


1000 


ogoo 


,5  eoo 


fl 

/ 

\A3 

/ 

\         ^ 

/ 

A,             ^^ 



£ 

C 

1 

700 

0  12 

PER  CENT    CARBON 

Kic.     1 — Portion     of    Constitutional     Diagram    oi 
the    Iron-Carbon    System 

tectoid.  At  this  point,  the  austenite  makes  the  A^  transforma- 
tion, that  is,  the  Ag  transformation  immediately  followed  by  alter- 
nate precipitations  of  ferrite  and  cementite  in  virtue  of  alternate 
supercoolings,  giving  rise  to  the  well  known  lamellar  structure. 
Thus  the  Aj  transformation  here  consists  of  the  changes, 
austenite— ^martensite^pearlite 

Since  the  nature  of  the  A^  transformation  is  the  same  both 
for  the  hypo  and  hypereutectoid  steels,  it  is  to  be  concluded  that 
for  the  whole  carbon  concentrations  ranging  from  0  to  6.7  per 
cent,  the  A,  transformation  must,  in  its  nature,  consist  of  the 
changes, 

austenite— smarten  sit»->pearlite 

On  the  other  hand,  if  we  cool  the  hypoeutectoid  steel  from 
the   austenitic    region,   on   reaching  line    A,E,   a    small    quantity   of 
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austenite  tirst  makes  the  A.  transformation,  and  then  from  thi> 
transformed  product, — martensite — ,  the  precipitation  of  ferrite 
follows.  As  the  steel  further  cools,  the  remaining  austenite  grad- 
ually makes  the  s&me  changes,  till  the  concentration  of  austenite 
reaches  the  eutectoid  at  point  E,  where  the  remaining  austenite 
makes  the  stepped  change  above  referred  to  at  the  constant  tem- 
perature. 

We  have  seen  in  the  above  that  the  change,  austenite— ^marten- 
site,  is  in  reality  the  A.-,  transformation,  and  hence  the  heat  of  the 
change  must  be  equal  to  that  of  the  A3  transformation  in  pure  iron, 
a  small  allowance  being  made  for  the  presence  of  the  dissolved 
carbon  atoms.  Meuthen^  found  by  his  careful  experiment,  the 
heat  of  the  A3  transformation  in  pure  iron  to  be  5.6  calories  per 
gram.  On  the  other  hand,  N.  Yamada*,  directly  measured  the 
heat  of  transformation,  austenite— >martensite,  for  a  eutectoid  steel 
and  found  it  to  be  5.66  calories  per  gram  of  iron.  Thus  the  coin- 
cidence between  these  two  is  very  satisfactory. 

In  a  former  paper,°  Dr.  T.  Matsushita  has  shown  that  in  car- 
bon steels,  there  exist  two  kinds  of  martensite  a  and  /?,  the  A, 
transformation  during  cooling  taking  place  in  the  order. 

Austenite— 5»/8-martensite^a-martensite->pearlite, 
and  that  during  a  slow  heating  of  a  quenched  steel,  a  and  ^  marten- 
sites  are  tempered  at  about  180  and  280  degrees  Cent,  respective- 
ly. Since  these  martensites  have  both  a  body-centered  cubic  lattice 
with  regard  to  iron  atoms,  the  difference  between  them  consists 
very  probably  in  the  mode  of  distribution  of  carbon  atoms  within 
the  space-lattice  of  iron  atoms.  Thus  strictly  speaking,  the  Aj 
transformation  consists  of  three .  steps  taking  place  one  after  the 
other. 

The  following  analogy  will  also  assist  the  understanding  of  the 
stepped  transformation.  Suppose  a  sphere  to  rest  on  a  stepped 
stand  of  the  form  as  shown  in  Fig.  2,  and  the  stand  to  undergo 
a  continuous  vibration,  which  corresponds  to  the  thermal  condition 
of  steel.  Let  us  further  suppose  that  the  positions  A  and  B  in 
the  stand  are  much  more  stable  than  that  of  C.  The  positions 
of  the  sphere  at  A,  B  and  C  are  assumed  to  correspond  to  austen- 
ite,  pearlite  and   martensite.    respectively.      \\^hen   the   equilibrium 

'       3.     Ferrinn,  10,   (1913),   1. 

4.  Science  Reports  10,   (1921),  453. 

5.  Science  Reports  7,   (1918),  43. 
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of  the  sphere  at  A  is  disturbed,  the  sphere  falls  at  tirst  to  position 
C;  if  the  vibration  of  the  stand  is  considerable,  it  falls  again  to 
position  B.  These  stepped  falls  are  similar  to  the  change  of 
austenite  to  pearlite  through  martensite  at  high 'temperatures.  If. 
however,   during   the   fall   of   the   sphere   from   positions    A    to    C. 


Fig.    2 — Illustrating    Stepped    Trans- 
formation  in    Steel 

the  vibration  of  the  stand  decreases  to  a  less  intensity,  the  sphere 
will  remain  in  equilibrium  at  position  C.  This  case  corresponds 
to  the  quenching  of  a  steel. 

In  the  same  way,  we  may  also  conceive  between  two  positions 
A  and  B  two  or  more  intermediate  positions  C^.  C, cor- 
responding to  a  and  ^  martensites.  and  so   forth. 

Troostitic  .\xd  Sorbitic  Structurks 

In  the  above  theory  of  quenching,  the  perfect  hardening  i> 
obtained,    when    the    first    change    in    the    stepped    transformation 

austenite^martensite— ^pearlite 
takes  place  completely  and  the  second  cliange  is  arrested,  while 
an  imperfect  hardening,  .corresponds  to  the  case,  when  the  first 
change  goes  on  completely,  but  the  second  only  partially.  Fig.  3 
is  a  diagram  illustrating  the  mechanism  of  quenching  and  similar 
to  that  already  given  by  Professor  Sauveur  in  his  well  known  text- 
book, a  is  the  case  of  a  slow  cooling,  where  the  change  from  aus- 
tenite to  pearlite  takes  place  at  a  constant  temperature  of  70() 
degrees  Cent.  (1292  degrees  Fahr).  b  is  the  case  of  the  perfect 
hardening;  here  owing  to  a  very  rapid  cooling,  the  change  from 
austenite  to  .martensite  begins  to  take  place  at  about  300  degrees 
Cent,  and  is  completed  near  room  temperature,  the  second  change 
from  martensite  to  pearlite  being  suppressed,  c  is  the  case  of  an 
imperfect  quenching :  owing  to  the  slower  rate  of  cooling  than  in 
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the  last  case,  the  lirst  chungc  begins  lu  occur  at  about  450  tlegree> 
Cent.  (842  degrees  Fahr.)  and  when  it  is  completed  the  specimen 
is  still  at  a  higher  temperature,  and  hence  the  second  change  oc- 
curs, before  it  is  cooled  to  room  temperature.  This  change  con- 
sists of  the  precipitation  of  cementite  as  fine  colloidal  particles 
from  a  martensitic  solid  solution  :  this  structure,   when  iX)lished.  is 


Kir.      3 — Diagram      Illustrating      the 
Nrechanism     of     Quenching 

.\ — Austenite  ;    M — Martensite  ; 
T — Troostite  :     S — Sorbite 

easily  etched  in  acid  and  by  virtue  of  a  minutely   roughened   sur 
face  due  to  the  presence  of  cementite  particles  appears  black,  even 
to  the  naked  eye.     It  is  usually  called,  troostite. 

In  d,  the  cooling  is  still  slower,  and  therefore,  the  first  change 
occurs  at  a  higher  temperature  than  in  the  last  case,  fience  the 
formation  of  troostite  takes  place  at  higher  temperature,  so  that  if 
the  further  cooling  to  room  temperature  is  conducted  very  slowly, 
troostitic  particles  coagulate  to  some  extent  by  virture  of  the  sur 
face  tension.  This  structure  called  sorbite,  is  less  easily  etched 
by  acid  than  the  troostitic  structure,  hut  more  readily  than  the 
pearlitic  structure. 

By  properly  adjusting  the  rate  of  cooling,  either  one  of  three 
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btructures,  martensite,  troostite  or  sorbite,  can  be  obtained.  Troos- 
tite  and  sorbite  are  the  mechanical  mixtures  of  ferrite  and  ce- 
mentite,  and  therefore  the  same  as  pearHte  in  their  nature. 

In  practice,  it  is  usual  to  obtain  troostite  and  sorbite  by  tem- 
pering quenched  steels.  The  martensite,  when  left  itself  at  room 
temperature,  hardly  changes  into  pearlite  owing  to  the  high  viscos- 
ity of  the  material  at  this  temperature,  but  when  it  is  raised  to 
300  to  400  degrees  Cent,  the  martensite  slowly  changes  into  troos- 
tite by  the  deposition  of  fine  cementite  particles.  By  raising  the 
reheating  temperature  to  500  to  600  degrees  Cent,  for  a  certain 
interval  of  time,  the  coagulation  of  troostitic  particles  goes  on  to 
such  a  degree  that  the  structure  becomes  sorbitic. 

Besides  the  usual  method  of  quenching  and  tempering,  we 
frequently  use  a  stepped  quenching  for  obtaining  a  troostitic  or 
sorbitic  structure.  The  specimen  is  first  heated  above  the  A^ 
point,  then  plunged  into  water  and  after  a  short  interval  of  time, 
when  the  change  from  austenite  to  martensite  is  just  completed, 
taken  out.  When  during  cooling  in  air,  the  change  from  marten- 
site to  troostite  or  further  to  sorbite  goes  on  completely,  the  speci- 
men is  again  quenched  in  water  to  arrest  the  change  at  this  stage ; 
we  thus  obtain  a  troostitic  or  sorbitic  structure. 

The  velocity  of  a  transformation  in  a  pure  metal  generally 
decreases  when  it  contains  impurities  or  is  alloyed  with  other 
metals.  Thus  the  Aj  transformation  goes  on  very  slowly  in  special 
steels,  such  as  nickel,  chromium  and  manganese  steels.  In  these 
steels,  the  structures,  such  as  austenite  and  martensite,  which 
are  hardly  or  only  obtainable  by  a  very  rapid  cooling  in  the  case 
of  carbon  steels,  can  be  obtained  by  air  cooling  or  at  ordinary 
rates  of  cooling. 

Quenching  Cracks 

It  is  a  well-known  fact  that  during  the  quenching  of  high 
carbon  steels  in  water,  cracks  are  often  formed  on  their  surfaces. 
The  cause®  is  generally  believed  to  be : 

1.     The    nonuniform    distribution    of    temperature    in    the 

specimen  during  quenching. 


6.     McCance,   Journal  of   tlie  Iron   ain)  Steel   Insiuute.    liM4,   No.    11.   pp.    285,   2*7. 
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2.  The  difference  in  martensitic  expansion  of  adjacent  parts 
during  quenching. 

A  closer  examination  of  the  phenomenon  shows,  however,  that 
the  true  cause  is  not  so  evident,  as  the  sound  due  to  cracking 
is  often  heard  some  ten  seconds  after  quenching.  The  thermal 
stress  is  maintained  so  long  as  the  temperature  is  not  uniform 
throughout  the  specimen.  For  instance,  in  a  short  cylinder.' 
al)Out  2  centimeters  in  thickness  and  height,  the  difference  in 
temperatures  between  the  interior  and  exterior  parts,  during  the 
first  stage  of  the  quenching  process,  may  amount  to  several  hun- 
dred degrees,  and  consequently  a  great  stress  will  result,  but 
after  about  ten  seconds  it  does  not  exceed  20  degrees  and  hence 
there  is  only  a  small  residual  stress.  Again,  at  the  moment  of 
transformation  of  austenite  into  martensitic  during  cooling,  con- 
siderable expansion  in  volume  occurs.  In  the  case  of  rapid  cool- 
ing the  transformation  does  not,  however,  take  place  at  the  same 
moment  at  the  outside  and  the  inside  of  the  specimen.  A  great 
stress  due  to  unequal  martensitic  expansion  will  result  which  may 
lead  to  cracking,  although  after  several  seconds,  during  which  the 
Ai  transformation  passes  over  the  whole  mass,  this  stress  will 
also  vanish. 

If  the  cracks  were  due  to  the  two  causes  above  mentioned, 
why  do  they  not  take  place  during  the  first  stage  of  quenching, 
when  the  specimen  is  undergoing  a  large  amount  of  internal  stress, 
and  why  do  they  take  place  after  a  lapse  of  time?  It  is.  of 
course,  conceivable  that  at  a  very  high  temperature,  the  material 
yields  to  an  enormous  thermal  stress,  and  therefore  this  stress  is 
partially  released,  in  which  case  a  thermal  stress  of  considerable 
magnitude  may  result  at  room  temperature,  and  may  be  the  cause 
of  the  cracks  occurring  some  ten  seconds  after  quenching.  During 
a  very  rapid  cooling,  such  as  quenching  in  water,  the  release  of 
the  stress,  which  requires  a  certain  interval  of  time,  is  probably 
very  small. 

In  order  to  show  that  the  cause  of  quenching  cracks  is  not 
pure" thermal  stress^,  the  following  experiment  was  made:  Several 
cubes,  2  centimeters  on  each  side,  were  made  of  steel  containing 
1.26  per  cent  of  carbon.     They  were  quenched  in  water  from  dif- 


7.     Science    lieportu    8    (1919),    3(i. 
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ferent  high  temperatures,  and  the  quenching  temperature  at  whicli 
cracking  Dccurred,  was  observed. 

The  following  table  contains  the  result  of  the  experiments: 


Table    I 
Heating 

Uuenching    Temperature    Degrees    Centigrade 

680'  700  750  770  800  SJO 

Remarks  —  No  Crack       Xn  Crack       No  Crack       Xn  Crack  Crack  Crack 

Cooling 

Quenching     Temperature     Degrees     Centigrade — Specimens      first     heated     to 
900    degrees   Centigrade,    then    cooled    and    quenched 


800 

770 

750 

730 

710 

690 

s — 'Crack 

Crack 

Crack 

Crack 

Crack 

Xo  Crack 

From  this  table,  it  is  seen  that  during  heating  the  crack  doe.> 
not  occur  unless  the  quenching  temperature  exceeds  800  degrees 
Cent.  During  cooling  from  900  degrees  Cent,  the  quenching  crack 
is  always  observed  down  to  a  temperature  of  700  degrees  Cent, 
and  not  observed  at  any  lower  temperature.  This  limiting  tem- 
perature is  much  lower  than  that  during  heating.  As  is  well 
known,  the  Ar^  point  is  always  lower  by  about  40  to  80  degrees 
Cent,  than  the  Aci  point ;  hence,  from  the  above  result  of  quench- 
ing experiments,  it  may  be  concluded  that  during  heating  or  cool- 
ing the  crack  occurs  when,  and  only  when,  the  quenching  temper- 
ature exceeds  the  Ac^  or  Ar^  point,  respectively.  Hence  the  cause 
of  quenching  cracks  is  not  pure  thermal  stress  caused  by  nonuni- 
form distribution  of  temperature  due  to  rapid  cooling,  because  if 
such  were  the  case,  there  would  be  no  reason  for  the  cracks  oc- 
curing  beyond  the  Aj  point.  The  cracks  must,  therefore,  have 
some  connection  with  the  A,  transformation. 

In  a  quenching,  cracks  usually  occur  in  ten  to  fifteen  seconds 
after  quenching  in  water ;  they  can  be  distinctly  detected  by  the 
sounds  accompanying  cracking.  The  same  fact  also  indicates  that 
the  thermal  stress  is  not  the  direct  cause  of  cracking ;  because 
the  cracking  occurs  after  a  lapse  of  time,  where  a  greater  part 
of  the  thermal  stress  due  to  the  unequal  cooling  of  the  specimen 
passes  off.  As  is  well  known,  during  cooling  through  the  Ar, 
point,  the  specimen  undergoes  a  considerable  expansion  due  to  the 
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Aj  transformation."  Since  during  cooling  the  initer  |>ortion  i> 
always  at  a  much  lower  temperature  than  the  inner  pf)rtion.  thi- 
former,   during  the   said   transformation,   exerts   a  great   impulsive 
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tension  on  the  latter,  and  this  may  cause  a  crack  in  the  specimen. 
The  fact  that  cracks  generally  occur  after  the  impulsive  stress  due 
to  the  Arj  transformation  is  passed  over,  shows  that  the  impulsive 
stress   is  not  the  actual   cause  of   quenching  cracks. 

I  IaKD.NKSS     MkASIKKMEXTS    of    Ql'KNCHFJ)    .^TF.ELS 

The  result'"  of  experiments  on  the  measurement  of  hardness 
in  quenched  carbon  steels  by  means  of  a  Shore  scleroscope  will  be 
next  described.  The  specimens  were  tested  in  the  fonn  of  a  cube 
each  side  being  2.7  centimeters. 

1.  In  a  soft  ciuenching,  such  as  in  oil  from  a  tcm|)eraiurc 
not  exceeding  820  degrees  Cent,  the  hardness  of  different  speci- 
mens is  greatest  in  the  outer  portion,  and  decreases  from  its  per- 
iphery towards  the  center  (Fig.  4). 

2.  In  a  medium  quenching,  such  as  that  of  a  0.91  per  cent 
carbon  steel  at  780  degrees  Cent,  in  water,  or  that  of  a  1.47  per 
cent  carbon  steel  at  900  degrees  Cent,  in  oil.  hardness  is  nearly 
constant  everywhere-  (Fig.  5). 

3.  In   a   hard    quenching,    such   a^    that    «.f    a    0/»8   per    cent 


9.      K.    Hoii.la.   Srienre   Repoilf,   0.    (1917),    ^0:^. 
10.       K.     H(1mH.i    .-ind    S.    Tr1«>i.    Sfrrirr    HrpnrI*.    ft 
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carbon  steel  from  800  degrees  Cent,  or  a  higher  temperature 
in  water,  the  hardness  is  least  in  the  outer  portion  and  increases 
rapidly  toward  the  center  (Fig.  6). 

4.     When  cracking  takes   place,   lines   of   cracking   cut   equi- 
hardness  cur\'es  almost  orthogonally.     The  form  of  equi-hardness 
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curves  is  elongated  in  a  direction  normal  to  the  line  of  cracking 
(Figs.  7,  8,  9). 

5.  In  the  cubes,  the  equi-hardness  lines  become  roughly  cir- 
cular or  elliptical  at  a  short  depth  from  the  surface. 

6.  Cracking  occurs  in  most  cases,  when  the  temperature  of 
the  specimens  falls  nearly  to  that  of  the  bath. 

7.  The  hardness  does  not  increase  appreciably,  so  long  as 
the  quenching  temperature  is  below  the  Ac^  point.  When  the  tem- 
perature increases  beyond  the  beginning  of  the  Ac^  range,  the 
hardness  rapidly  increases,  reaches  a  maximum  at  about  820  de- 
grees Cent,  and  afterward  slightly  decreases. 

The  explanation  of  these  facts  is  as  follows: 
According  to  the  theory  of  quenching,  the  Aj  transformation 
is  a  stepped  change  consisting  of 

austenite— ^martensite— >pearlite. 

But  with  regard  to  the  volume  per  unit  of  mass,  the  relation  is. 

martensite  >   pearlite  >   austenite 

for   martensite   is   known   to   exist   in   a   more   dilated   state   than 

pearlite,  and  the  latter  in  a  more  dilated  state  than  austenite,  as  is 

seen   from   the    expansion-temperature   curves^^    at    high    tempera- 


11.     K.    Honda,   Science   Reportt,   6. 
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tures.  Hence  in  the  A^  range,  during  slow  cooling,  the  elongation 
is  a  differential  effect  of  the  expansion  due  to  austenite— >marten- 
site,  and  of  the  contraction  due  to  martensite-^pearlite ;  during 
slow  heating,  the  contraction  is  a  differential  effect  of  the  expansion 
due  to  pearlite— >niartensite,  and  of  the  contraction  due  to  marten- 
site  — »  austenite. 

In  quenching  experiments,  the  rates  of  cooling  in  the  outer 
and  inner  portions  of  the  specimen  differ  considerably  from  each 


Fig.  7 — Equi-hardness  lines 
of  a  1.0%  Carbon  Steel 
Quenched  in  Oil  from  810  De- 
grees   Cent. 


Fig.  8 — Equi-hardness  Lines 
of  a  0.91%  Carbon  Steel 
Quenched  in  Water  from  880 
Degrees   Cent. 


Fig.  9 — Equi-hardness  lines  of 
1.0%  Carbon  Steel  Quenched  in 
Water   from   870   Degrees    Cent. 

other.  In-  the  outer  portion,  where  cooling  is  very  rapid,  not  only 
the  second  change  of  the  A^  transformation,  martensite  to  pearlite, 
is  stopped,  but  also  its  first  change,  austenite  to  martensite,  is  par- 
tially arrested  so  that  this  portion  contains  a  certain  amount  of  aus- 
tenite intermingled  with  martensite.  In  the  inner  portion,  the  rate 
of  cooling  is  not  so  rapid,  and  hence  the  austenite  is  mostly  trans- 
formed into  martensite ;  but  its  further  transformation  into  pearlite 
is  arrested.  Since  the  austenitic  structure  is  much  softer  than  the 
martensitic  structure,  it  is  to  be  expected  that  the  outer  portion. 


464 


IliASSAtllOy.'i    OF 

IMERICAS   SOCIETY   FOR   STEEL    TREATING 


October 


containing  a  greater  proportion  of  austenite  tlian  the  inner  portion. 
will  be  softer  than  this  portion. 

If  the  above  view  be  correct,  for  a  soft  quenching,  such  as 
quenching,  in  oil  from  a  moderately  high  temperature,  the  outer 
portion  may   be   just   fully  martensitized.   while  in  the   inner   por- 
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Fig.     10 — Showing    that     a     Hard     Quenched     Specimen     at     Room     Temperature     will 
increase  in  Hardness  with   Lapse  of  Time.     Quenched   in   Water   from   880   Degrees  Cent. 

tion,  the  transformation  from  martensite  to  pearlite  is  partial.  In 
this  case,  the  outer  portion  must  be  harder  than  the  inner  portion, 
as  is  actually  brought  out  by  experiments.  In  a  somewhat  harder 
quenching  than  in  the  last  case,  the  outer  and  inner  portions  may 
possess  nearly  the  same  hardness.     The  fact  that  above  820  degrees 
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Fig.  11 — Showmg  that  Quenched  Specimen  when  Constantly  Heated  at  100  Df 
grees  Cent,  will  first  Increase  in  Hardness  and  then  Slightly  Decrease.  Specimen 
Quenched    in    Water    at    880    Degrees    Ctnt. 

Cent,  the  hardness  gradually  decreases  as  the  quenching  tempera- 
ture increases,  is  explained  by  the  same  theory,  that  is.  by  "a  grad- 
ual increase  of  austenite  arrested  and  mixed  in  martensite. 

Several  quenched  specimens  were  examined  microscopically  to" 
see  whether  any  appreciable  decarburization  actually  occurred : 
but  except  narrow  edges,  or  at  least  in  portions  where  hardness^ 
was  measured,  decarburization  was  negligibly  small.  Hence  the 
less  hardening  of  the  outer  portions  cannot  be  explained  by  decar- 
burization during  heating.  In  many  cases,  however,  it  is  caused 
bv  the  arrested  austenite  during  quenching. 
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The  cause  of  cracking  was  next  investigated  in  a  series  nt 
e(|ui-harclness  curves  for  a  number  of  carbon  steels  quenched  from 
varying  temperatures.  Since  the  fomi  of  the  <-f|ui -hardness  hues 
was  elongated  in  the  (hrection  i)eri)en(hcular  to  the  line  of  cracking 
(Fig.  7),  it  is  to  be  concluded  that  the  martensite  development  is 
greatest  in  the  elongated  central  portion  and  least  in  the  periphery  ; 
hence  the  martensitic  expansion  in  the  former  jiortion  is  much 
greater  than  that  in  the  latter  portion.  The  central  portion  exerts, 
therefore,  a  great  tension  on  both  sides,  this  tension  causing  the 
cracking  of  the  specimens.  This  is  the  reason  that  the  lines  of 
cracking  are  normal  to  the  elongated  equi-hardness  curves.  Since 
the  difference  in  the  specific  volumes  for  martensitic  and  austenitic 
structures  increases  rapidly  as  the  temperature  falls'-,  it  may  be 
understood  why  cracking  generally  occurs,  when  the  temperature 
(if  the  specimen  ap])roaches  to  room  temperature. 

Conclusions 

Having  thus  far  explained  tlie  distribution  of  hardness  and 
crack  lines,  the  question  of  how  to  avoid  quenching  cracks  arise>. 
In  quenching  practice,  it  is  not  necessary  to  get  a  very  great  hard 
ness,  except  in  the  case  of  cutlery.  It  is  also  evident  from  the 
above  investigation  that  to  obtain  a  martensitic  structure,  too  ra])i<l 
cooling  is  untlecessary.  In  order,  therefore,  that  the  specimen  may 
not  crack  during  quenching,  but  that  its  hardness  be  properly  de 
veloped,  quenching  must  be  medium  hard,  such  as  (juenching  in  oil 
from  900  degrees  Cent.  (1650  degrees  Fahr.).  in  which  case  the 
hardness  is  nearly  constant  throughout  the  specimen :  hence  the 
stress  due  to  the  difference  in  the  structures  is  small,  and  conse- 
(|uently  cracking  cannot  occur. 

According  to  the  above  view,  in  a  hard  quenched  steel,  some 
austenite  remains  untransformed  at  room  temperature,  at  which 
this  austenite  will  slowly  transform  into  martensite.  On  the  other 
hand,  at  room  temperature  martensite  has  a  tendency  further  to  be 
transformed  into  troo.stite,  but  its  velocity  is  much  smaller  than 
that  of  austenite^martensite  just  referred  to.  The  conse(|uence  is 
that   at   room   temperature  a   hard   quenched    specimen    will    slowly 

12.       K.     Honila.    Krienrr     llrjinrli    s.     i  |yl»l.     1  xf. 
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increase  its  hardness  with  lapse  of  time.     This  inference  is  brought 
out  by  experiments^^  (Fig-  10). 

If  the  quenched  specimen  be  constantly  heated  at  100  degrees 
Cent,  instead  of  letting  it  remain  at  room  temperature,  the  above 
change  from  austenite  to  martensite  will  be  much  accelerated,  at 
the  same  time  the  change  from  martensite  to  troostite  will  also  be 
accelerated.  Hence  the  hardness  first  increases,  reaches  a  maxi- 
mum, and  then  slightly  decreases.  As  shown  in  Fig.  11,  this  con- 
clusion is  actually  brought  out  by  experiments". 


13,   14.     Scienct   Reportt    9,    (1920). 
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METALLOGRAPHY  AND  TESTING  OF  OXYACETY- 

LENE   WELDS 

By  J.  R.  Dawson 


Abstract 

This  paper  deals  with  the  application  of  oxyacetylenc 
welding  to  various  classes  of  steel  and  to  cast  iron. 
Photographs  are  included  to  illustrate  the  effect  of  the 
process  on  the  structure  of  metals  that  are  welded. 
The  physical  properties  of  welded  metals  are  discussed 
and  illustrated  by  typical  test  results. 

The  author  has  emphasised  that  oxyacetylene  welds 
are  quite  dependable  when  the  work  is  done  under  suit- 
able conditions  and  with  proper  supervision.  Stress  has 
been  laid  on  the  need  for  testing  of  the  welder's  work. 
The  opportunities  for  saving,  that  residts  from  greater 
use  of  the  welding  have  been  m,entioned,  and  a  plea  made 
for  the  application  of  the  principles  of  heat  treating  to 
welding  problems,  which  are  of  a  nature  to  require 
metallurgical  knowledge. 


WELDING  is  a  metallurgical  operation.  Since  we,  as  steel 
treaters  who  devote  our  experience  and  thought  to  proper 
control  of  metallurgical  practice  and  correct  heat  treatment 
methods,  are  frequently  called  upon  to  decide  the  suitability  of 
welding  applications  to  production  work  and  repairs  of  products 
or  plant  maintenance,  the  author  ventures  to  present  briefly,  results 
and  conclusions  arrived  at  in  the  course  of  extensive  research 
in  the  problems  of  oxyacetylene  welding  and  cutting. 

The  extent  of  the  metallurgical  features  of  oxyacetylene  weld- 
ing may  well  be  appreciated  from  the  consideration  that  molten 
metal  under  the  gas  flame  is  comparable  to  the  bath  of  an  open- 
hearth  furnace,  and  is  subject  to  treatments  similar  to  those 
given  the  open-hearth  bath,  such  as  changes  of  composition  due 
to  oxidation,  addition  of   alloys,  and  interchange  of  elements  be- 


A  paper  presented  before  the  annual  convention  of  the  Society,  Pitts- 
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tvveen  the  metal  and  slag.  Furthermore,  metal  adjacent  to  the 
zone  of  deposited  metal  is  necessarily  heat  treated  to  some  extent, 
and  throughout  all  investigations  of  welds  and  welding  this  heat- 
treatment  factor  is  of  importance. 

Importance  of  Compete.nt  Welders 

The  results  obtained  in  fusion  welding  are  quite  uniform  and 
dependable  when  suitable  materials  are  used  and  the  work  done 
by  competent  welders.  The  most  important  element  atlfecting 
weld  quality,  is  the  manner  in  which  the  operator  handles  the 
work.  The  following  factors  are  also  of  importance  in  securing 
satisfactory  quality  of  welding: 

1.  Selection   of   men 

Most  men  of  average  ability  can  become  good  welders.  The 
requirements  are  honesty,  patience,  and  a  reasonable  amount  of 
manual  dexterity. 

2.  Training  methods 

Training  is  obviously  of  the  same  importance  for  this  work 
as  for  that  of  other  crafts.  Mention  should  be  made  at  this 
point  of  the  excellent  work  of  the  American  Welding  societx 
committee   on    training  operators.^ 

3.     Supervision 

Those  in  charge  of  welding  work  should  understand  the 
properties  of  the  metals  being  handled  and  of  the  welded  article, 
and  they  should  know  enough  of  the  details  of  correct  weldin;.,' 
methods  to  judge  the  quality  of  the  work  being  done. 

To  prove  the  quality  of  a  welder's  output,  it  is  only  necessary 
to  use  the  tensile  or  bend  test  on  a  number  of  specimens  made  by 
him,  welding  materials  of  satisfactory  quahty,  having  been  pro- 
vided. Check-tests  of  welder's  work  are  of  great  importance  and 
should  be  made  regularly  by  competent  supervisors  who  are  cap- 
able of  recognizing  the  quality  of  welding. 

Until  recently,  little  distinction  was  made  between  welding 
rods  and  ordinary  wire,  but  the  need  of  suitable,  good  quality  rods. 
is  of  first  importance,  for  the  quality  of  the  resulting  deposited 
metal  is  largely  dependent  upon  the  rod  used. 


Bnlletin    "f    the    .\mericnii    Welding    Society.    .May.    Wi.^ 
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Kig.  1  >huws  welding  rod  steel  thai  is  practically  free  from 
nonmetallic  inclusions.  Fig.  2  is  of  welding  rod  steel  that  is 
unsatisfactory  on  account  of  the  large  number  of  nonmetallic- 
inclusions.  When  the  dark  areas  are  examined  at  higher  magnifi- 
cation they  are  seen  to  contain  small  slag  particles.  Welding  rods 
of  quality  illustrated  by  Fig.  2  are  quite  common  but  the  better 
quality  material  can  he  made  and  tons  of  welding  rods  of  high 
puritv  are  consumed  every  month.     Flame  melting  tests  have  been 


Fig.  1 — Photomicrograph  of  a  Fohshed  liiit  fnctched.  <  iooil  Uuahty  Wehluin 
Kod,  xlUO.  Fig.  J— Photomicrograph  of  a  Polished  but  I'lictched,  Poor  Quality 
Wrldiiip    Ko<i.    xino. 


devised  that  will  discover  the  steel  containing  nonmetallic  inclu- 
sions and  dissolved  or  occluded  gases.  One  such  test  that  is 
often  applied,  is  to  place  the  welding  rod  in  a  horizontal  position 
and  pass  a  welding  flame  of  suitable  size  over  its  length  at  such 
uniform  rate  as  to  melt  half  way  through  the  rod.  It  should  melt 
and  flow  together  evenly  without  boiling  or  throwing  off  sparks. 
If  the  steel  contains  gases  the  metal  upon  solidifying  will  be  of 
spongy  appearance.  The  "dirt'  contained  in  the  steel  can  be 
observed  during  the  melting,  as  it  reflects  more  light  than  the  metal 
and  appears  as  brilliant    white  spots  m    lines.      When   sudi  inferior 
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rods  are  used  it  is  difficult  to  prevent  tlie   inclusion  of  impurities 
and  gas  pockets  in  the  weld. 

Low-Carbon    Steel   ^\'ELDI^•(:; 

At  present  most  steel  welds  are  made  with  rods  of  the  fol- 
lowing   composition  r 

Carbon — Not     over  U.U6  of  one  per  cent 

Manganese — Not    over  0.15  of  one  per  cent 

Silicon — Not    over  0.08  of  one  per  cent 

Sulphur — Not    over  0.04  of  one  per  cent 

Phosphorus — Not   over  0.04  of  one  per  cent 

Rods  of  Other  compositions  are  also  available  and  some  of 
them  will  be  described  later  in  this  paper. 

The  tensile  strength  of  a  double  V  weld,  properly  made  in 
V2-inch  plate  with  a  low-carbon  steel  rod  is  about  52,000  pounds 
l^er  square  inch,  but  experience  has  shown  that  without  knowledge, 
care  and  skill,  a  weld  of  this  strength  will  not  be  obtained.  It 
is  quite  necessary  that  sample  welds  be  tested,  because  many 
welding  operators  permit  imperfections  in  their  work  and  do  not 
know  it.  A  simple  test  is  to  place  a  specimen  in  a  vise  with  the 
center  of  the  weld  at  the  top  edge  of  the  jaws  and  to  hammer 
until  fracture  occurs.  Inspection  of  the  fracture  will  reveal  the 
nature  of  any  defects  and  by  practice  and  repeated  tests  the  faults 
may  be  overcome.  The  ability  of  each  welder  should  be  tested 
in  this  way,  or  better,  by  pulling  the  w-elds  in  a  testing  machine, 
before  he  is  permitted  to  do  important  work.  Occasional  tests 
should  be  required  to  prove  that  a  proper  standard  of  effi- 
ciency is  being  maintained.  This  point  may  be  illustrated  by 
results  recorded  in  Table  1,  of  a  series  of  tests  of  welds  made 
on   consecutive   days. 

This  example  is  entirely  typical  of  a  welder  with  considerable 
experience,  unknow^ingly  doing  poor  work  and  making  almost 
100  per  cent  improvement  once  his  mistakes  are  demonstrated. 

A  series  of  experiments  were  recently  carried  out  to  determine 
the  physical  properties  of  weld  metal.  Blocks  of  metal  were 
deposited  so  that  test  specimens  about  4x^x11/^  inches  could 
be  machined  out.  and  the  results  as  shown  in  Table  II  were  ob- 


2.     Wckling    Wire    Specitication^    ,-in<l     Folins.     .\niericaii     WeldiiiK    ."^f'cietv.     Hiillciin 
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tained  in  testing  the  untreated  material. 

In   this   table  the   results   for   tensile   strength   compare    favor 
ably  with  those  obtained  in  testing  annealed  low-carbon   steel,  but 
the  elongation  and  reduction  of  area  are  not  so  good  as  in  rt)lled 
plate.      It   is   of    interest   to   note   that   in   tests   of   welds  made  in 


Table   I 

Tensile  Tests  of  SinRle    •V"  Welds 

Each 

Value    is    the    Average    for    5    Tests 

Ultimate 

Elongation 

Day 

Tensile    Strength 

Per  Cent 

Welded 

Pounds  per  Square   Incli 

In  2  Inches 

1st 

27,000,    equivalent    to    strength 
obtained  bv   single  riveting 

3.2 

2nd 

37,500 

6.5 

3rd 

43,200 

12.4 

4th 

46,100,   equivalent    to   strength 

11.5 

obtained  by  triple  riveting 

similar  materials  with  a  given  type  of  rod,  that  elongation  and  re- 
duction of  area  \ary  with  the  tensile  strength  while  in  rolled 
material  one  usually  increases  as  the  other  becomes  less. 

In  Fig.  3  the  darker  material  near  the  center  is  filled-in  weld 
metal  whose  grains  are  relatively  coarse.  The  structure  of  the 
base  metal  adjacent  to  the  weld  has  been  coarsened  by  the  higl*. 


Table    II 

Tensile  Tests  of  Weld 

Metal  D 

eposited  with 

Oxyactelylene  Flame 

Pounds 

Per  Square  Incli 

Elongation 

Per  Cent 

Specimen 

Yield 

Tensile 

Per  Cent 

Red 

Number              Size 

Point 

Strength 

In  2  Inches 

of  Area 

1             1.483  X  .366 

36,000 

49,100 

29.0 

26.9 

2            1.503  X  .386 

32,300 

53,500 

36.0 

41.0 

3            1.507  X  .381 

37,000 

50,800 

32.0 

35.9 

Average 

35,100 

51,100 

32.0 

34.6 

temperature  attained  at  that  point.  It  may  be  observed  that  the 
structure  of  a  portion  of  the  weld  metal  and  surrounding  Ijase 
metal  has  been  refined  when  the  second  side  was  welded.  At  a 
fli stance  from  the  weld  of  about  3  times  the  base  metal  thickness, 
a  temperature  has  been  reached  which  was  just  high  enough  to 
refine  the  base  metal  grains.  This  is  the  point  of  greatest  ductility 
and  of  lowest  strength  of  base  metal.  Tensile  test  specimens 
often   break    in   this    zone. 

Fig.   4   shows    the    structure   of    low   carbon    steel    weld    metal. 
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This  material  is  similar  in  structure  to  a  steel  castmg,  and  is  prac- 
tically carbonless.  The  scattered  small  black  dots  throughout  the 
area  are  believed  to  be   ferrous  oxide. 

Experiments   have   been    made    in    annealing   low    carbon    steel 
welds,  in  w-hich  it  was  found  that  a  temperature  of    1750  degrees 
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tig.  4 — Structure  oi  ;t  Low  Carlion  Steel  Weld  Metal.  This  Material  is  similar 
in  Structure  to  a  Steel  Casting  and  is  Practically  Carbonless.  The  Small  Black  Spots- 
are  Believed  to  be  Ferrous  Oxide,  xlOO.  Fig.  5 — Structure  at  Junction  of  Nickel 
Steel  Weld  Metal,  at  Left,  and  Coarsened  Low  Carbon  Steel  Parent  Metal,  at  Right. 
This    Lacy    Structure    is    Characteristic    of    a    Nickel    Steel    Weld    Metal,    xlOO. 

Fahr.  was  required  to  refine  the  grains.  This  high  temperature 
coarsens  the  base  metal  and  to  obtain  good  structure  throughout 
the  section  a  second  annealing  at  1450  degrees  Fahr.  is  required. 
.\nnealing  does  not  increase  the  weld  strength  but  does  make 
some   improvement    in    ductility. 

An  outstanding  feature  of  recent  development  in  low  carbon 
.steel  welding  is  the  success  attained  in  welding  steel  and  wrought 
iron  pipe.  Until  rather  recently  only  a  limited  amount  of  steam, 
oil,  gas,  and  water  carrying  pipes  were  welded.  Studies  have 
.shown  that  the  welding  is  not  only  less  expensive  than  other 
methods  of  installation  in  first  cost,  but  that  it  has  a  tremendous 
advantage  due  to  the  avoidance  of  leakage  with  its  attendant  los.< 
of    product    and    expense    for    repair    and    damage.      Because    the 
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screw  joint  weakens  the  pipe  at  the  thread,  and  flanges  or  caulked 
joints  are  loosened  by  strains  or  vibration,  it  is  not  unusual  to 
have  a  loss  of  10  to  20  per  cent  of  fuel  gas  or  illuminating  gas 
by  leakage  from  lines  having  such  joints.  Leaking  gas  always 
brings  to  mind  the  hazard  of  carbon-monoxide  poisoning.  Welded 
oil  carrying  lines  do  not  require  frequent  inspection,  and  so  the 
need   for  line  walkers  is  largely  eliminated. 

The  advantages  of  these  pipe  welding  applications  have  led  to 
welding  of  high  pressure  steam  lines  and  success  has  attended  the 


Table 

III 

Chemical    Analysis    of 

Rods    and 

Welds 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Carbon 

Manganese 

Silicon 

Nickel 

Low  Carbon  Steel   Rod           0.07 

0.15 

.007 

Weld    made    with    it                0.05 

0.10 

.004 

Medium   carbon  steel   rod       0.24 

0.41 

.043 

Weld    made    with    it                0.08 

0.32 

.004 

Nickel    steel    rod                         0.24 

0.62 

0.21 

3.11 

Weld  made   with    it                  0.12 

0.36 

0.03 

2.83 

efforts.  The  basis  of  this  success  w^as  the  testing  of  work  done 
by  the  welders.  Before  a  recent  installation  of  a  21 -inch  welded 
steam  line  to  carry  165  pounds  pressure,  the  operators  were  re- 
quired to  weld  around  a  joint  which  was  later  tested  by  cutting 
in  strips  across  the  weld  and  breaking  it  in  the  tensile  machine.  A 
surprising  result  of  this  test  was  that  the  specimens  from  the 
bottom  of  the  pipe  where  overhead  welding  was  required,  were 
better  than  from  other  parts  of  the  pipe.  The  explanation  for 
this  is  that  a  relatively  small  flame  must  be  used  for  overhead 
welding  and  better  opportunity  was  given  for  careful  work  and 
the  avoidance  of  overheating. 

Medium    Carbon    Steel 

It  is  sometimes  recommended  to  weld  medium  carbon  steel 
with  medium  carbon  steel  welding  rods  but  tests  as  to  strength 
of  weld  have  shown  no  advantage  over  welds  made  with  low 
carbon  rods.  As  illustrated  by  Table  III,  the  weld  metals  ob- 
tained from  the  two  rods  are  of  practically  the  same  chemical 
composition. 

The  loss  of  carbon  is  less  with  the  nickel  steel  and  a  stronger 
weld  is  obtained  when  it  is  used.     Fig.   5  illustrates  the  structure 


192.?  TES'IlXlr    OXYACnrYLESE    WELDS  473 

at  the  junction  of  nickel  steel  weld  metal,  at  the  left,  and  the 
coarsened  low  carbon  steel  parent  metal,  at  the  right.  This  lacy 
structure  is  characteristic  of  a  nickel  steel  weld  metal.  The  junc- 
tion of  two  types  of  structure  affords  an  excellent  opportunity  to 
observe  the  method  of  interminghng  of  the  twf)  metals  by  the 
growth  of  grains  across  the  boundary. 

An  objection  sometimes  aimed  at  welding  is:  '"Well,  the 
tensile  strength  is  all  right  but  the  elongation  and  contraction  are 
low.  What  will  happen  when  the  weld  is  subjected  to  bending 
and  alternating  stresses?"  The  average  tensile  strength  of  a  well 
made  low  carbon  steel  weld  is  52,000  poimds  j)er  square  inch  and 
the  average  reinforcement  is  20  jser  cent  of  the  plate  thickness,  so 
that  the  available  strength  of  the  joint  is  60,000  pounds  per  square 
inch  of  plate  section.  Most  low  carbon  steels  are  of  less  .strength. 
If  greater  weld  strength  is  desired  rods  of  special  composition 
will  produce  a  weld  of  58,000  to  60,000  pounds  per  square  inch 
of  plate,  and  reinforcement  will  still  further  increase  this  figure 
to  about  70,000  pounds  per  square  inch  as  referred  to  base  metal 
thickness.  Inherently  and  by  reason  of  the  reinforcement,  the  w'ehl 
is  also  stilTer  than  the  plate  metal,  so  that  bending  stresses  are 
resisted  by  the  weld  and  bending  occurs  in  the  adjoining  metal  a> 
illustrated  in  Fig.  6. 

These  are  single  "V"  welds  in  ^2  inch  low  carbon  steel  plate 
with  the  standard  low  carbon  steel  welding  rod.  These  l^/o  inch 
wide  strips  were  cut  from  the  welded  material  and  bent  at  the 
weld  by  holding  in  a  vise  and  striking  with  a  sledge  hammer. 
When  this  bending  was  carried  as  far  as  possible  the  specimens 
were  brought  to  the  form  shown  by  steam  hammer  blows.  At 
first,  most  of  the  bending  was  outside  the  weld  but  in  this  case 
the  heavy  blows  forced  the  weld  to  bend  to  about  a  ^-inch 
radius.  In  a  recent  valuable  pai)er  '•  describing  extensive  investi- 
gations of  endurance  properties,  it  was  jwinted  out  that  endurance 
properties  are  definitely  related  to  tensile  strength  and  that  for 
many  uses  too  much  importance  has  been  given  to  ductility.  In- 
crease of  tensile  strength  increases  the  resistance  to  fatigue  failure. 
Since  the  weld  can  and  should  be  made  of  greater  strength  than 
the   metals    joined,    high    resistance   is    offered   to   alternating   and 
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Other  stresses  and  should  the  use  require  ductilit)'   it  will   be  ob- 
tained  from  the  material    surrounding   the   weld. 

As  has  many  times  been  pointed  out,  a  weld  is  only  a  cast- 
ing-, but  there  are  certain  differences  from  most  castings.  The 
weld  metal  is  molten  only  an  instant.  Time  is  given  for  impurities 
to  float  to  the  surface,  and  then  the  blowpipe  is  advanced  and  the 


Fig.    6 — Bending   Tests   of   Welds,    Actual    Size. 

metal  freezes.  The  volume  of  melted  metal  is  so  small  that  solidi- 
fication occurs  before  extensive  dendritic  structures  have  had  time 
to  form,  and  therefore  some  of  the  objectionable  features  that  are 
associated  with  steel  castings  are  not  encountered  in  welds. 

Those  engaged  in  the  art  of  heat  treating  are  familiar  with 
the  effects  of  sonims  and  other  imperfections  on  the  quality  of  the 
steel  they  use.  The  welding  engineer  is  also  deeply  concerned  with 
the  problem.  The  quality  of  base  metal  has  a  decided  influence 
on  the  weld  obtained.  There  is  a  certain  amount  of  intermingling 
of  the  base  metal  and  filling  rod  metal,  as  both  are  melted  to- 
gether to  form  the  weld.  If  slag  particles  of  the  base  metal  are 
numerous    there   is    a    tendencx    for   films    of    oxide    tn    he    formed 
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around  the  grain  boundaries  at  the  junction  of  weld  and  base 
metal,  and  also  at  times  lines  of  oxides  are  found  deposited  in  the 
high  temperature  ferrite  grain  boundaries  of  the  base  metal  ad- 
jacent to  the  weld  but  not  melted  during  welding.  This  oxide 
was  no  doubt  dissolved  by  the  metal  when  at  high  temperature  and 
rejected  to  the  grain  boundaries  during  cooling.  .Steel  containing 
gases  is  especially  objectionable  when  used  in  the  form  of  sheet 
metal  for  welding.  Porosities  are  formed  by  gases  that  escape  dur- 
ing solidification  of  the  melted  steel. 

Steel  Fokgings 

It  is  impossible  to  formulate  rules  for  welding  of  steel  forg- 
ings  that  will  be  of  general  application.  The  following  must  be 
considered : 

1.  The  chemical   composition 

2.  The  stresses  the  metal  at  the  weld  must  endure 

3.  Possibility   of    heat    treatment 

It  should  be  kept  in  mind  that  the  metal  near  the  weld  is 
heated  and  the  extent  of  the  eiTect  depends  upon  the  temperature 
attained  and  the  length  of  time  at  that  temperature.  This  heating- 
may  create  a  structure  less  desirable  than  the  original  and  will 
certainly  produce  a  dit^erence  between  the  structures  of  the 
weld  and  surrounding  metal,  and  the  remainder  of  the  forging. 
If  the  weld  is  required  at  a  point  where  only  small  stresses  will 
be  applied  to  the  part  in  service,  welding  of  course  is  permissible. 
If  suitable  heat  treatment  can  be  economically  applied  to  the 
welded    forging    structural    uniformity    will   be    regained. 

A  use  of  the  oxyacetylene  process  that  is  becoming  of  increas- 
ing importance  is  the  cutting  of  steel  forgings,  by  which,  in  a 
wide  variety  of  instances  great  savings  are  made  by  reduction  of 
the  amount  of  machining  necessary  to  complete  the  part. 

Fig.  7  is  a  macrograph  of  section  of  a  forging  5  inches 
thick  after  cutting  with  the  oxyacteylene  cutting  blowpipe.  The 
structure  of  the  darkened  area  on  upper  side  of  picture,  has  been 
altered  by  the  heat  incident  to  cutting.  This  area  is  less  than  3/16 
inches  in  depth.  Further  investigation  of  this  material  .shows  that 
annealing    removes    the    difference    of    structure.      Researches    have 
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ileveloped    the    following    in  formation: 

1.  Steel  containing  less  than  0.40  per  cent  carbon  can 
be  cut  accurately  and  smoothly  without  difficulties  of 
any   sort,  and   with   great   saving   of    time   and   expense. 

2.  Preheating  to  about  800  degrees  Fahr.  is  advisable 
when  the  carbon  content  is  above  0.40  per  cent,  for  if 
the  steel  happens  to  be  of  poor  quality  small  cracks  may 
occur  unless  this  precaution  is  taken. 

High    Carbox    Steel 

As   the   carbon   content   of   steel  becomes   greater   the   metal   is 
more  easilv  overheated   with  attendant  difficulty   in   obtaining  high 


Fig.  7 — Steel  Forging  Cut  by  Oxy-acetylene  Blowpipe,  taken  at  nearly  Full  Size. 
The  Structure  of  the  Darkened  Area  on  Upper  Side  has  been  Altered  by  the  Heat 
Incident    to    Cutting. 

>trength  welds.  A  capable  welder  will  not  'burn'  steel  containing 
0.90  ]>er  cent  or  less  carbon.  Fig.  8  shows  the  structure  of  a 
1.10  i)er  cent  carbon  steel  that  has  been  welded.  The  'burnt'  area 
shown  was  on  the  bottom  side  near  the  weld.  The  black  lines 
at  the  grain  boundaries  show  the  burning.  They  are  really  cracks. 
The  top  of  the  specimen  w^as  enveloped  by  the  welding  flame  and 
protected    from    oxidation. 

An  important  welding  application  to  the  higher  carbon 
steels  is  filling  up  to  original  form  of  areas  that  have  been  worn. 
By  correct  selection  of  welding  rod,  the  repaired  portion  is  fre- 
(juentlx'    made    more    resistant    to    wear    than    the    original    metal. 
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Fig.  8 — "liuriit"  IIikIi  Carbon  Steel.  Xear  Weld.  I'he  Uuriit  Area  Shown  at 
the  Bottom  of  the  Photomicrograph,  xlOO.  Fig.  9 — Welded  High-Speed  Steel  Tool 
Tip,    x43S.      Most    of    the    farhide     Particles    are    .Small    arid     Widely     Distributed. 

From  the  standpoint  of  welding,  alloy  steel  may  be  classed  with 
forgings.  There  are  many  instances  where  the  process  may  be 
used  to  advantage  and  others  where  it  would  be  a  mistake  to 
employ  it.  The  use  of  the  steel  part,  its  composition,  adaptability 
to  heat  treatment,  the  point  at  which  welding  is  applied,  etc.,  all 
have  a  bearing  on  the  decision  of  suitability  for  welding.  In  many 
cases  a  rod  of  the  same  composition  as  the  steel  to  be  welded  may 
be  used  to  advantage. 

IIic.h-Spkki)    Steel 


It  is  sometimes  practicable  t<>  make  special  high-speed  tools 
by  the  oxyacetylene  welding  process.  Where  extra  strength  of 
tool  is  required  or  a  type  of  tool  that  is  used  only  occasionally 
is  needed,  a  mild  steel  shank  may  be  machined  out  at  the  end, 
a  carborundum  mold  placed  around  it  and  high-speed  steel  rod  of 
usual  composition  melted  in  by  the  blowpipe.     Such  a  tool  may  be 


480  .IMHN/C.IX    SOCIETY   FOR    STEEL    TREATING       (\-\aW-v 

forged,   quenched  and  tempered. 

Fig.  9  shows  the  structure  of  the  metal  m  a  welded  high- 
speed tool  tip.  Most  of  the  carbide  particles  are  quite  small  and 
widely  distributed.  The  ground  mass  appears  to  be  troostite. 
Traces  of  austenitic  grain  boundaries  obtained  in  hardening  still 
remain  in  the  tempered  tool. 

Manganese    Steei. 

So  far  as  is  generally  known,  welding  of  manganese  steel 
has  never  been  thoroughly  investigated.  The  following  photomicro- 
graphs will  serve  to  give  an  idea  of  what  occurs  when  welding  is 
done.  Fig.  10  shows  the  structure  of  weld  metal  obtained.  It  is 
made  up  of  large  grains  of  dendritic  form.  The  structure  shown 
in  Fig.  11  is*  of  the  base  metal  1/8  inch  from  the  weld.  The 
heating  of  the  metal  has  caused  marked  grain  growth  to  occur. 
Fig.  12  is  of  same  location  as  Fig.  11.  but  at  higher  magnification. 
The  grains  are  of  martensitic  appearance.  Thin  films  of  iron 
or  manganese  carbide  can  be  seen  between  some  of  the  grains. 
Fig.  13  shows  the  structure  of  the  weld  metal.  Grains  that 
appear  to  be  martensite  are  surrounded  by  carbide  films,  and 
splotches  of  carbide  are  scattered  throughout  the  section.  Fig. 
14  is  of  weld  metal  after  heating  to  1050  degrees  Cent,  and  quench- 
ing in  water.  Carbides  are  absorbed,  large  grains  have  been 
broken   up  and   much  of   dendritic   structure   removed. 

The  valuable  properties  of  manganese  steel  are  developed  by 
quenching  from  a  high  temperature  which  produces  an  austenitic 
structure  in  which  the  grains  should  not  be  large.  The  austenitic 
manganese  steel  is  easily  converted  to  a  martensitic  condition. 
Relatively  slight  cold  work  as  in  the  passage  of  locomotive  and 
car  wheels  over  a  manganese  steel  frog  will  harden  the  stressed 
surface  and  not  aflfect  the  remainder  of  the  material.  As  the  sur- 
face wears  away  new  metal  is  stressed  and  hardened.  The  bod}- 
of  the  metal  then  is  strong  and  tough  and  wearing  surface  hard. 
It  is  also  more  susceptible  to  heat  treatment  than  other  steels. 
This  is  illustrated  by  the  rapidity  of  grain  growth,  and  the  ease 
of  formation  of  martensite  and  carbides. 

Welds  made  in  3/8  inch  thick  manganese  steel  with  manganese 
steel    rods    containing    1.25    per    cent    carbon    and    13.00   per    cent 
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Fig.  10 — Manganese  Steel  Weld  Metal,  xlUO,  Sliowiiig  Dendritic  Fornialioii.  Kig. 
11 — Manganese  Steel  Base  Metal,  Near  Weld,  xSO.  The  Heating  of  the  Metal  has 
Caused  a  Marked  Grain  Growth.  Fig.  12 — Same  as  Fig.  11  at.  x425.  The  Grains  arc 
of  Martensitic  Appearance.  Fig.  13 — Manganese  Steel  Weld  Metal,  x425.  Grains 
Appear  to  be  Martensitic  Surrounded  by  Carbide  Films.  Fig.  14 — Heat  Treated 
Manganese   Steel   Weld   Metal,  xSn.     Quenched    in   Water   fmm    1050   Degrees   Cent, 
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manganese,  were  tested  by  clamping  in  a  vise  and  bending  by  ham- 
mering.    The  results  recorded  in  Table  IV  were  obtained. 

These  foregoing  tests  and  photomicrographs  indicate  that 
where  strength  and  resistance  to  shocks  are  required,  the  entire 
weld  containing  article  of  manganese  steel  should  be  heated  to 
1050  degrees  Cent,  and  quenched  in  water.    Evidently  1000  degrees 


Table    IV 

Bend 

Tests    of 

Welded    Manganese 

Steel 

Kind  of 

Heat 

Angle  of   Bend 

Test 

Flame 

Treatment 

Before  fracture 

1 

Excess  A( 

cctv 

Icnc 

As   welded 

Zero  degrees 

2 

Neutral 

As  welded 

25  degrees 

3 

Neutral 

One-half      hour      at 
1000  degrees    Cent. 
Quenched    in    water 
at  room  temperature 

75  degrees 

4 

Neutral 

Same  as  3.  Then  Yi- 
hour    at     1050     de- 
grees   Cent.,    again 
quench  in  water  at 
room    temperature 

95  degrees 

Cent,  is  not  high  enough  temperature  for  best  results.  Molten 
manganese  steel  absorbs  carbon  very  readily  and  the  elimination  of 
carbides  and  formation  of  austenite  become  more  difficult  as  the 
carbon  content  increases.  •  It  is  the  ])ractice  of  many  welders  to 
use  an  excess  acetylene  flame  for  manganese  steel  welding,  but  the 
neutral  flame   is   preferal)le.     The  analyses   shown   in   Table   V   in- 


Table 

V 

Manganese  Steel  Analyses 

Kind    of 

Per  Cent 

Per  Cent 

Per  Cent 

Flame 

Material 

Carbon 

Manganese 

Silicon 

Neutral 

Welding    rod 

1.10 

11.50 

.08 

Weld  metal  obtained 

1.00 

9.60 

.05 

Excess 

acetvlenc 

Welding    rod 

1.17 

15.62 

0.52 

Weld  metal  obtained 

1.52 

13.48 

0.21 

dicate  the  effect  of  welding  on  the  composition  of  manganese  steel. 

Since  the  best  properties  of  manganese  steel  are  not  obtained 
with  less  than  11.00  per  cent  manganese  the  rod  should  conta'n  not 
less  than  13.00  per  cent  manganese  to  compensate  for  the  2  per 
cent  that  is  lost  during  the  welding  oj^eration. 

The   addition    ])y   welding   fif   manganese    steel    to   other   steels 
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is  not  satisfactory,  for  at  the  weld  junction  tlic-re  is  cliffusion  be- 
tween the  weld  metal  and  the  base  metal  and  a  j^radient  of  man- 
ganese content  from  about  11  per  cent  to  less  than  1  per  cent  will 
be  formed.  Some  of  this  junction  zone  will  be  weak  and  brittle, 
regardless  of  the  treatment  applied.  For  .satisfactory  results  in 
welding  manganese  steel,  the  following  should  be  kept  in  mind: 

1.  A   neutral   welding   flame   should   be  used. 

2.  Welding  rod  should  contain  at  least  13.00  per  cent 
manganese. 

,1.  The  entire  welded  ])art  should  be  (juenched  from 
1050  degrees  Cent,  in  water,  in  cases  where  service  re- 
quires high  strength  and  resistance  to  shocks.  Where 
service  requires  only  compressive  strength  or  resistance 
to  wear,  heat  treatment  is  unnecessary. 
4.  Red  hot  manganese  steel  is  very  brittle  and 
articles  during  welding  should  be  supported  in  such  a 
manner  as  to  avoid  setting  up  strains  that  might  cau.se 
cracking. 

Cast    Iron 

One  of  the  imiwrtant  a]>plications  of  oxyacetylene  welding  is 
the  repair  of  cast  iron  parts.  The  princi])al  reasons  for  the  wide 
u.se  of  this  method  are : 

1.  The   joint    obtained   is   of   high    (juality. 

2.  The   weld   and    adjoining   metal    are   machinable. 

3.  The  welding  repair,  in  addition  to  costing  much 
less  than  a  new  casting,  is  usuall\'  im])ortant  l^ecause 
of  the  time  saved.  Frequently  a  weld  can  be  made  and 
the  broken  part  placed  in  ojieration  in  a  fraction  of  the 
time  required  tf)  secin^e  a  new  part.  Many  foundries 
are  enabled  to  hold  to  high  rate  of  production  and  effi- 
ciency of  operation  because  of  the  aid  of  oxyacetylene 
welding  in  reclaiming  defective  castings.  This  is  a 
practice  which  should  be  highly  recommended  because 
quality  of  welded  castings  is  .satisfactory  and  the  opera- 
tion is  without  harmful  eflfects. 

The  macrograph  shown  in  Fig.  15  is  of  a  weld  in  gray  iron. 
There  are  no  blowholes  or  oxide  films,  and  the  weld  metal  is 
less  coarse  than  the  original  metal.     Transverse  tests  of   numerous 
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Yjg     15 Weld    in    Gray    Iron,    x2.     Etched    with    Copper   Ammonium    Chloride.     Fig. 

16— Photomicrograph  of  Gray  Iron  Weld  Metal,  xlOO  Fig.  17— Photomicrograph  of 
Gray  Iron  Casting,  xlOO.  Fig.  18— Photomicrograph  of  Gray  Iron  Weld  Metal,  x4iS, 
Showing   Graphite,    Lamellar    Pearlite   and   Ferrite,   There    Being   No    Free    Cementite. 

cast  iron  welds  show  that  it  is  difficult  to  cause  the  break  to  pass 
through  the  weld,  which  proves  that  the  weld  is  stronger  than  the 
original  metal. 
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The  reason  for  greater  strength  in  the  weld  may  be  explained 
by  reference  to  Figs.  16  and  17.  The  graphite  in  the  original  metal 
is  in  the  form  of  large  plates  or  flakes  which  weaken  and  en- 
brittle  the  cast  iron.  The  graphite  in  the  weld  is  of  smaller  amount 
and  in  smaller  plates  more  rounded  in  form.  The  weld  also  con- 
tains a  greater  proportion  of  pearlite.  Fig.  18  shows  the  weld 
metal  structure  in  greater  detail.  It  is  made  up  of  graphite, 
lamellar  pearlite  and   ferrite,  there  being  no   free  cementite. 

The  obtaining  of  good  quality,  machinable  welds  requires  the 
use  of  knowledge  gained  perhaps  in  other  phases  of  heat  treatment. 
The  hardness  of  carbon  steels  is  profoundly  affected  by  the 
rate  of  cooling  and  the  same  is  true  of  cast  iron.  Provision  must 
be  made  for  slow  cooling.  Burying  in  lime  or  sand  is  an  aid.  If 
the  weld  is  small  and  the  part  welded  large,  heat  will  be  conducted 
rapidly  away  from  the  weld  and  chilling  will  occur  and  some 
preheating  is   frequently  necessary  to  avoid   this   rapid  cooling. 

An  important  factor  of  successful  cast  iron  welding  is  the 
employment  of  correct  preheating.  Where  the  parts  are  free  to 
expand,  preheating  is  unnecessar}'.  Welding  of  a  broken  lug  is  an 
example  of  repair  in  which  preheating  is  not  required.  Where  the 
weld  is  surrounded  by  metal  the  expansion  due  to  local  heating 
will  cause  cracking.  The  same  rules  as  apply  in  other  heating 
should  be  employed.  Heat  slowly  and  uniformly,  make  the 
weld  and  cool  very  slowly.  In  some  cases  where  the  part  corr- 
tains  sections  of  widely  different  area,  welding  should  be  followed 
by  a  second  heating  to  a  uniform  temperature  before  cooling  is 
begun. 

Other  important  considerations  are  the  use  of  correct  welding 
rod  and  suitable  flux.  The  influence  of  the  various  elements  of 
gray  iron  composition  are  fairly  well  understood.  To  avoid  hard- 
ness of  weld  metal,  cast  iron  welding  rods  should  be  of  high 
silicon  content,  and  sulphur  should  be  relatively  low.  Thus, 
graphite  is  precipitated  rapidly  and  free  cementite  avoided.  A 
proper  flux  combines  with  the  slag,  which  is  viscuous  due  to  a 
high  proportion  of  silicon  oxide,  and  forms  new  slag  that  is  thin. 
easily  fusible,  and  readily  floated  to  the  surface  of  the  weld.  The 
cause  of  most  blowholes  in  cast  iron  welds  is  the  failure  to  float 
minute  impurities  to  the  surface.     Careful  microscopic  examination 
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will  show  that  where  blowholes  are  permitted  to  form,  a  slag  par- 
ticle is  the  root  of  the  evil. 

Brazing  of  cast  iron  with  manganese  or  Tobin  bronze  is  meet- 
ing with  increased  favor.     The  advantages  of  this  method  are : 

1.  The  parts  can  be  joined  at  lower  temperature 
than  is  required  for  welding  with  cast  iron  rods.  There- 
fore brazing   requires   lower   temperature   preheating. 

2.  The   joint   obtained   is   stronger    than    the    cast   iron. 
The   methods   of   preparing  cast   iron    for   brazing   are   similar 

to  the  preparation  for  welding.  Flux  is  used  to  clean  the  surface 
and  when  the  cast  iron  is  heated  to  a  dull  red  color  the  braze  can 
be  made  and  a  good  junction  obtained. 

Various  Welding  Applications 

White  iron  also  can  be  satisfactorily  welded.  Welding  rods 
of  white  iron  composition  should  be  used.  Because  of  the  brittle- 
ness  of  white  iron,  and  its  greater  shrinkage  than  gray  iron,  even 
greater  preheating  precautions  are  required  for  white  iron  than 
for   gray    iron. 

In  addition  to  the  uses  to  which  reference  has  been  made, 
oxyacetylene  welding  is  successfully  applied  to  the  following 
metals :  aluminum,  copper,  nickel  and  monel  metal,  and  bronzes 
and  brasses.  Malleable  iron  should  not  be  welded,  but  can  be 
brazed   successfully. 

Conclusion 

It  has  been  the  purpose  of  this  paper  to  point  out  briefly  some 
of  the  applications  of  welding  and  to  emphasize  the  dependability 
of  the  process.  A  study  of  the  rapid  growth  of  welding  and  in- 
crease of  its  application  leads  one  to  the  conclusion  that  the  oppor- 
tunities it  offers  for  increased  industrial  efficiency  are  great. 

A  knowledge  of  metallurgy  and  heat  treatment  is  necessary 
for  proper  understanding  of  the  art.  and  members  of  this  Society 
are  especially  fitted  to  appreciate  the  fundamentals  of  welding  and 
its  application  to  individual  plants.  It  has  been  pointed  out  many 
times  that  actual  loss  results  from  failure  to  take  advantage  of 
the  opportunities  offered  by  this  Society  to  aid  in  keeping  pace 
with  progress  in  heat  treating  knowledge  and  methods,  and  in  the 
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.same  way  it  is  unquestionably  true  that  present  day  industries  can 
ill  afford  to  neglect  the  savings  offered  by  modern  welding  methods. 
Although  it  is  true  that  heat  treaters  might  well  make  greater 
use  of  welding,  to  an  even  greater  degree  the  welding  industries 
are  in  need  of  the  interest  and  advice  that  you  gentlemen  are  able  to 
give,  on  account  of  your  knowledge  of  the  action  of  metals  under 
high   temperatures. 
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THE   SEASONING  OF  STEEL 
By  W.   P.   Wood 

.ibstract 

It  is  the  custom  of  soiic  )nanufactitrcrs  to  age  castings 
and  forgings  for  a  period  of  months  in  order  to  pro- 
duce a  more  ductile  metal.  Speculation  as  to  what  other 
effects  such  a  seasoning  might  produce  in  steel  and  iron 
lead  to  the  test  i<'hich  is  described  in  the  paper.  Briefly 
speaking,  the  experiment  consisted  in  comparing  the  ten- 
sile properties  of  several  varieties  of  unhardencd  steel 
before  and  after  an  exposure  of  one  year  to  the  varying 
temperature  of  the  atmosphere.  As  might  be  expected, 
there  was  noted  an  increase  in  ductility  and  further  than 
that,  the  alloy  steels  carrying  noncarbide  forming  special 
elements  such  as  nickel  and  silicon  appeared  to  exhibit  a 
decrease  in  tensile  strength.  The  writer  is  not  presenting 
this  paper  as  a  finished  piece  of  icork,  but  largely  to 
ascertain  through  discussion  or  comment  whether  there 
is  any  unpublished  data  iK.'hich  may  have  a  bearing  upon 
the  question  in  hand. 

CONSIDERABLE  interest  has  been  evinced  recently  in  what 
might  be  termed  the  low  temperature  phenomena  of  iron 
and  steel.  By  this  is  meant  any  changes  which  take  place 
in  the  metal  after  it  has  been  cooled  either  rapidly  or  slowly  to  a 
temperature  well  below  the  familiar  critical  ranges.  That  many 
such  changes  do  occur  has  been  demonstrated  by  several  investi- 
gators and  this  work  was  thoroughly  summed  up  by  Dr.  Jeffries^ 
The  writer  would  suggest  that  those  interested  in  this  matter, 
refer  to  Dr.  Jeffries  article  as  a  starting  point. 

It  has  been  a  generally  accepted  opinion  that  these  changes 
are  the  result  of  an  attempt  on  the  part  of  the  metal  to  reach  a 
state  of  equilibrium  after  heat  treatment.  The  physical  evidences 
of  these  changes  include  a  gradual  evolution  of  heat,  dimensional 
changes,  changes  in   physical  properties,  and  so   forth.     It  should 

1.     Tramactiom,  Arnerican  IriKtituto  ol   Mininfj  and  Mftar.iiigical   Kiigineeis,    Vol.    LXVII, 
page   56. 
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Michigan.     Written    discussion    of   this    paper    is    invited. 
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be  made  clear  that  most  of  the  changes  have  been  noted  in  recently 
hardened  steel  rather  than  steel  in  the  annealed  condition. 

It,  however,  would  be  hard  to  say  just  where  this  readjustment 
ceases,  because  we  are  limited  by  the  delicacy  of  the  means  f»i 
measurement  at  our  command. 

The  winter's  interest  was  hrst  aroused  in  this  connection  upon 
learning  that  it  is  the  custom  of  some  manufacturers  to  "season" 
iron  and  steel,  partictilarly  castings,  before  or  after  the  final  shap- 
ing and  heat  treatment.  Probably  the  best  example  of  seasoning 
is  found  in  the  manufacture  of  gauge  blocks.  Here,  one  of  the 
absolute  essentials  is  permanence  of  dimensions,  and  some  form 
of  seasoning  is  the  only  means  which  will  bring  this  condition  about 
in  the  metal.  In  general  an  artificial  seasoning  treatment  involves 
alternate  exposures  of  the  metal  to  high  and  low  temperatures 
within  the  range  — 10  to  212  degrees  Fahr.  H.  J. 
French^  has  given  a  clear  description  of  some  seasoning  treatments 
carried  out  at  the  U.  S.  Bureau  of  Standards.  One  striking  thing 
about  these  treatments  is  the  rather  elaborate  procedure  and  the 
length  of  time  which  is  required  to  produce  a  state  of  rest  in  the 
steel.  One  point  of  interest  which  Mr.  French  mentions  is  the 
fact  that  the  seasoning  treatments  do  not  affect  all  steels  in  the 
same  degree.  One  also  would  infer  from  his  results  that  per- 
manence is  more  quickly  secured  in  a  steel  carrying  a  high 
chromium   content. 

There  seems  to  be  no  available  data  concerning  the  effect 
of  seasoning  upon  all  the  physical  properties  of  steel.  Reinhardt 
and  Cutler'"'  found  that  the  ductility  of  a  steel  carrying  0.49-0.55 
per  cent  carbon  was  distinctly  improved  upon  resting  the  heat 
treated  steel  at  room  temperature  for  various  lengths  of  time 
subsequent  to  machining.  Such  a  treatment  constitutes  a  type  of 
seasoning.  Reinhardt  and  Cutler  note  a  tendency  to  an  increase 
of  tensile  strength  while  the  ductility  is  increasing.  This  effect 
was  not  very  marked  however. 

In  order  to  satisfy  his  curiosity  as  to  the  eft'ect  of  alternating 
temperatures  over  the  range  mentioned,  upon  some  types  of  steel, 
the  writer  carried  out  the  experiment  which  is  reported  in  this 
paper.     He  has  hesitated  somewhat  in  presenting  the   results  ob- 


2.  Chemical  and  Metallurgical  Engineering,   Vol.    25,   No.    4,   page   155. 

3.  Rvllfitin.     AmeHf.in     Institute     of     >finin(,'     anrt    MetBllurgieal     Engineers.     No.     151, 
[liijff    1091. 
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tained,  fur  they  seemed  most  peculiar  and  his  main  purpose  in 
now  presenting  them  is  to  ascertain  through  discussion  and  criticism 
whether  or  not  there  is  any  positive  evidence  which  will  settle  the 
cjuestion  one  way  or  the  other.  If  the  physical  tests  had  been 
made  witli  less  care  the  question  would  probably  not  be  worth  con- 
sidering. 

PROCEDURK 

Simply    stated,    the    experiment    consisted    in    making    tensile 
tests   upon   several   steels  before  and  after  an  exposure   of    1   year 


Table    I 
Steels  Used  in  Seasoning  Test 

-Analysis- 


Let-       I'ype  "f 
ter  Steel 


Car-  Sili-  Man-  Sul-  Phos-  Chro-  Vana-  Tung- 

bon  con  ganese  phur  phorus  mium  Nickel  dium             sten 

Per  Per  Per  Per         Per           Per            Per  Per               Per 

Cent  Cent  Cent  Cent  Cent  Cent  Cent  Cent  Cent 


S 


S.A.E.  1010 
S.A.E.  1080 
Nickel 
Chrome- 
Nickel 
Chrome- 
Vanadium 
Silico- 
Manganese     0.5 


.05-10 
.75-.85 
0.29 

0.39 

0.30 


.30-.60  <.0S 
.2S-.50  <.05 
0.55 


<.045 


1.87       0.75 


0.035 

0.04       . 

.'.4S' 

0.017 

0.012    0.75 

1.43 

,    ,  .     0.95 

0.15           

0.016 

0.017     

T      High-Speed    0.65-0.70   0.2-0.3  0.2-0.3 


2.90-3.10 


0.95-1.05  17.50-18.50 


to  the  varying  temperatures  of  the  atmosphere.  The  range  of 
temperature  variation  was  from  about  — 10  to  100 
degrees  Fahr.  The  steels  tested,  with  an  indication  of  their  analyses 
may  be  found  in  Table  I.  The  steels  used  in  this  investigation 
were  in  the  unhardened  or  "as  received"  condition.  All  samples 
were  given  a  brief  normalizing  treatment  to  relieve  strains.  The  re- 
lative conditions  of  the  metal  may  be  noted  from  the  original  tests 
in    Table   II. 

The  steel  (which  was  3/4-inch  round  bar  stock)  was  cut  into 
7-inch  lengths  which  were  machined  to  the  shape  of  standard  test 
pieces.  The  diameter  was  left  a  trifle  greater  than  the  required 
0.357  inch,  the  final  finishing  being  done  with  a  file  after  the 
normalizing  treatment.  In  this  way  it  was  hoped  that  machining 
strains  might  be  eliminated.  Two  of  the  finished  specimens  of  each 
type  of  steel  were  pulled  immediately  and  the  rest  were  placed 
in  shallow  pans  of  cylinder  oil  which  were  located  upon  the  roof 
of    the    chemistry   building   at   the    University    of    Michigan.      The 
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pans  of  oil  were  covered  by  a  wooden  shelter  which  resembled 
somewhat  an  old  fashioned  chicken  coop.  By  this  means,  water 
was  prevented  from  directly  entering  the  pans,  but  they  were  freely 
exposed  to  the  atmosphere,  and  to  the  sun  during  a  large  part 
of  the  day.     Enough  samples  were  provided  so  that  a   few  could 


Table  II 

Resuirs  of  Se.isoninft 

upon  Physical  Properties  of  Steel 

Tensile  Strength 
Pounds  per 

Elongation 
Per  Cent 

Rcductiuii 
of  Area 

Steel 

A 
1010 

1  ime  <if   fcst 
Original 

After  8  months 

Square  Inch 
48.950 
50.000 
51,500 
51,000 

1.4"  gauge 
40.0 
35.8 
34.4 
36.0 

Per  Cent 

67^2 
69.6 
68.2 

R 

1080 

Original 
After  1  year 

120.000 
120,000 
115.600 
118.400 

12.1 
10.7 
15.2 
12.0 

19.0 
19.0 

Nickel 

Original 
\fter  1  year 

75,000 
76,000 
66,410 
65,820 

28.6 
27.9 
28.0 
30.4 

.36.4 
35.0 
46.0 
46.0 

Cr-Nickel 

Original 
After  1  year 

89,000 
90,000 
73,700 
68,195 

24.3 

■>■)  1 

ll.l 
28.0 

31.6 
31.5 
50.6     . 
5  2 .  '> 

F 
Cr-Va 

Original 
After  1  year 

79,300 
79,000 

26.4 
.36.0 

60.2 
63.6 

S 
Si-Mn 

Original 
After  1  year 

108.500 
108.500 
93,240 
99,450 

22.8 
22.8 
27.2 
23.2 

29.1 
30.3 
47.3 
39.5 

T 

Hiph-Specd 

Original 
After  1  Year 

112,000 

101,800 
102,300 

17.9 

17.6 
18.4 

19.6 

24.1 
27.4 

be  pulled  at   intervals   during  the   year,   the   last  two  being   pulled 
one  year  from  the  day  they  were  put  into  the  oil. 

The  testing  machine  employed  was  a  100,000  pound  universal. 
A  gauge  length  of  1.4  inches  was  used  in  making  tests. 

Results  and  Discussion 

In  Table  II  may  be  found  the  results  of  the  tests.  The  elastic 
limit  was  not  determined  at  first  because  it  was  not  thought  that 
much  change  would  be  apparent  in  the  tensile  properties,  since 
previous  work  had  shown  that  the  greatest  change  might  be  ex- 
pected  in   the   ductility.    When    it    seemed   after   some   months    that 
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there  were  changes  taking  place  in  tlie  tensile  properties,  the  elastic 
limit  was  determined,  but  it  was  too  late  to  make  any  systematic 
comparison. 

As  had  been  expected,  a  greater  or  less  increase  in  ductility 
was  observed,  except  in  the  case  of  the  low  carbon  steel.  Very 
little  change  of  any  nature  was  noted  in  this  steel.  The  samples 
which  were  pulled  at  the  end  of  a  year  broke  prematurely  owing 
to  some  flaw  in  the  metal,  and  manifestly  erroneous  values  were 
obtained.  This  test  therefore  did  not  extend  beyond  the  eighth 
month  interval.  In  the  case  of  the  0.8  per  cent  carbon  steel  the 
original  reduction  of  area  was  so  slight  that  it  could  not  be  de- 
termined accurately,  but  after  a  year  the  ductility  had  increased 
to  such  an  extent  that  the  reduction  of  area  had  become  19  per 
cent. 

The  result  which  attracted  most  attention,  was  the  apparent 
tendency  on  the  part  of  some  of  the  alloy  steels  to  decrease  in 
tensile  strength.  When  a  close  comparison  was  made  it  was  noted 
that  the  steels  which  tended  to  show  the  decrease  in  tensile  strength 
were  the  3,1/2  per  cent  nickel,  the  chrome-nickel,  the  silico-manganese 
and  the  high-speed  steel.  With  the  exception  of  the  high-speed 
steel,  all  these  steels  are  of  the  type  wherein  the  alloying  elements 
are  wholly  or  partially  dissolved  in  the  ferrite.  The  steels  wherein 
there  is  the  tendency  to  precipitate  carbides  did  not  seem  to  ex- 
hibit marked  changes  in  tensile  strength.  The  high-speed  steel 
was  an  exception,  but  it  is  also  true  that  this  type  of  steel  might 
show  a  variation  from  point  to  point  in  the  original  bar. 

It  would  of  course  be  absurd  to  attempt  to  develop  an  ex- 
])lanation  of  the  peculiar  behavior  of  the  alloy  steels  until  it  had 
been  proven  beyond  a  doubt  that  the  condition  exists.  It  is  the 
writer's  intention  to  carry  out  another  series  of  tests  upon  similar 
.-samples  to  obtain  more  complete  information. 

Leaving  out  of  consideration  the  changes  in  tensile  strength, 
the  results  of  the  seasoning  upon  the  steel  are  what  might  be  ex- 
pected, namely,  an  increase  in  ductility,  and  the  practice  of  allow- 
ing forgings  and  castings  to  rest  out  of  doors  for  a  period  of  sev- 
eral months  in  entirely  justified  in  that  the  metal  arrives  closely 
at  what  might  be  termed  a  state  of  equilibrium.     Dr.  Langenberg"* 


4.     Bulletin,     .\meiican     Institute     of     Mining     nnd     Mot.illurpical     Hngineers.     No.     154, 
paffe   29.'?5. 
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suggests  that  relief  of  strain  is  responsible  for  the  increase  ol 
ductility  but  it  would  seem  that  there  must  be  some  constitutional 
changes   also   involved,   particularly   if   tensile    strength   is   affected. 

Summary 

I'hc  natural  reasoning  or  aging  of  steel  i>  ju>tihe(l  in  tliai 
the  ductility  of  the  metal  is  increased  and  a  state  of  rest  more 
nearly  approached.  There  seems  to  be  a  difference  with  regard 
to  changes  ni  tensile  properties  in  the  behavior  of  the  alloy  steels 
when  subjected  to  natural  seasoning.  The  alloy  steels  which  ex- 
hibited the  greatest  change  during  this  test  were  those  which 
carried  one  alloying  element  in  solution  in  the  ferrite. 

The  whole  investigation  has  raised  a  question  upon  which 
there  seems  to  be  very  little  data,  namely,  what  happens  to  the 
physical  properties  of  various  steels  in  service? 
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CASE  HARDENING  AND  OTHER  HEAT  TREATMENTS, 
AS  APPLIED  TO  GRAY  CAST  IRON 

By  H.  B.  Knowlton 

Abstract 

This  paper  describes  certain  experiments  z\.'hic/i 
were  conducted  in  heat  treating  gray  cast  iron,  after  a 
report  had  been  received  that  gray  cast  iron  could  some- 
times be  "case  hardened"  ivith  commercial  success. 
Some  of  the  treatments  used  are  similar  to  those  used 
in  case  hardening  steel.  Several  other  schemes  of  heat- 
ing and  cooling  were  employed  and  are  described.  It 
was  found  that  under  certain  conditions  that  gray  cast 
iron  could  be  made  much  tougher  in  the  center  and  at 
the  same  time  be  given  a  hard  surface. 

SOMETIME  ago  the  writer  was  informed  that  gray  cast  iron 
had    been   case    hardened    with    commercial    success.      It    was 

said  that  a  certain  firm  had  measurably  increased  the  strength 
and  wearing  qualities  of  certain  gray  iron  castings,  by  applying 
the  treatments  commonly  used  in  case  hardening  steel.  After  this 
process,  the  castings  were  said  to  be  fairly  machinable  in  spite  of 
their  increased  resistance  to  wear.  The  method  was  considered  a 
success  as  long  as  it  was  applied  to  castings  made  by  one  foundry, 
but  it  failed  on  castings  made  in  another  foundry.  Evidently  the 
composition  of  the  iron  had  a  great  deal  to  do  with  the  success 
or  failure  of  the  method.  The  composition,  however,  of  neither 
was  known  definitely.     Both  were  simply  classified  as  "gray  iron." 

The  writer  does  not  know  how  much  has  been  done  along  this 
line,  but  so  far  has  found  nothing  published  on  the-  subject.  Con- 
sequently the  research  descriljed  in  this  paper  was  started.  No 
claim  is  made  that  the  paper  is  a  .complete  exhaustive  treatise  on 
the  subject.  It  merely  attempts  to  give  the  status  of  the  writer's 
research  up  to  the  present  time.  Criticisms,  comment  and  sug- 
gestions are  invited. 

Upon  casual  consideration,  case  hardening  of  gray  cast  iron 
did  not  seem   feasible  to  the  writer,  and  yet  it  was  claimed  that 
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good  results  had  been  so  produced.  A  gray  cast  iron  obviously 
contains  more  carbon  than  can  be  retained  in  the  combined  condi- 
tion. How  then,  could  heating  in  a  carburizing  material  increase 
the  carbon  content  of  the  surface  ?  The  writer's  only  experience 
with  cast  iron  heated  in  contact  with  a  carburizing  material,  con- 
sisted in  the  use  of  cast  iron  pots  and  boxes  used  as  containers 
in  the  carburizing  process.  It  is  a  well  known  experience  that 
such  boxes  "grow"  on  repeated  and  continued  heating.  This 
could  be  explained  on  the  assumption  that  any  combined  carbon 
originally  in  the  casting,  decomposed  into  free  graphite  and  free 
ferrite.  The  writer  knew  of  no  reason  for  assuming  that  carbon 
was  combining  with  the  iron  during  this  process.  Why  then, 
were  increased  wearing  qualities  produced  ])y  "case  iiardening?'' 
Was  the  function  of  the  carburizing  material  simply  to  prevent 
oxidation?  Did  the  quenching  treatment  merely  harden  whatever 
pearlitic  areas  there  were  in  the  original  casting,  or  did  some  of 
the  carbon  in  the  casting  or  the  carburizing  material  actually 
combine  with  the  iron?  Was  the  process  similar  to  the  production 
of  chilled  castings?  If  not,  could  any  advantage  be  claimed  for 
"case  hardened"  castings  over  the  more  common  chilled  castings? 
Would  they  have  any  advantages  over  malleable  castings?  These 
are  some  of  the  questions  that  the  author  has  started  to  investi- 
gate. 

Material 

The  experiments,  herein  described,  were  conducted  on  samples 
cut  from  three  sand  cast  test  bars  of  the  follo^v^ng  chemical  com- 
position. 

Bar  No.  1  Bar  No.  2  Bar  No.  3 

Silicon     2.12  2.41  2.49 

Sulphur     073  .073  .107 

Manganese     .72  .59  .63 

Phosphorus      .367  .635 

These  bars  were  about  1  inch  square  and  were  cut  into  samples 
l4  inch  thick,  with  the  exception  of  two  samples,  hereafter 
mentioned,  which  were  3/8  inch  thick. 

Each  sample  was  given  the  number  of  the  bar  from  which 
it  was  cut.  and  in   addition  was  given  an  individual  letter.   Thus 
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samples   lA  and   IB  are  the  first  and  second   samples   respectively 
from   bar  No.   1.  . 

First  Series  of  Tests 

Four  samples  each  from  bars  1  and  2  were  packed  in  pipes 
with  an  ordinary  carburizing  material  such  as  commonly  used  in 
case  hardening  steel.  Two  samples  from  each  of  these  bars  were 
packed  in  sand  in  another  pipe.  The  ends  of  this  pipe  were  pro- 
tected from  outside  oxygen  by  thin  layers  of  charcoal.  All  of  the 
pipes  were  sealed  with  fire  clay,  placed  in  a  hot  furnace  and  run 
for  three  hours  at  1700  degrees  Fahr.  At  the  conclusion  of  this 
heat  they  were  given  different  treatments  described  in  the  data 
tables.  Four  other  samples  from  each  of  these  bars  were  heat 
treated  in  the  open  furnace  as  described  in  detail  in  the  tables. 

Second  Test 

After  studying  the  results  of  these  tests  another  series  of  tests 
were  run.  In  this  test,  four  samples  from  bar  No.  3  were  packed 
in  a  pipe  with  a  carburizing  material  as  before,  and  run  for  8 
hours  at  1700  degrees  Fahr.  This  pipe  was  placed  horizontally 
in  the  furnace.  Towards  the  end  of  the  heat  it  was  noted  that 
the  seal  was  leaking.  This  may  explain  some  of  the  results  men- 
tioned later.  Another  sample  from  bar  No.  3  was  placed  in  the 
middle  of  a  ball  of  fire  clay,  and  heated  in  the  open  furnace  for 
3  hours  at  1700  degrees  Fahr.  At  the  conclusion  of  this  time  it 
was  allowed  to  cool  slowly  in  the  furnace. 

Tests  After  Heat  Treating::-".:.:,:.    :■■'■'■ 

After  heat  treating,  the  specimens  were  all  cleaned  and  tested 
under  the  Shore  scleroscope.  The  Brinell  method  was  tried  on 
one  or  two,  but  it  was  found  that  the  samples  were  too  brittle  for 
this  test.  All  of  them  which  could  be  cut  with  a  hand  hack  saw 
were  so  sectioned.  They  are  listed  in  the  data  tables  as  ha-Fci-  or 
soft  on  the  basis  of  their  ability  to  be  cut  with  a  hack  saw. .  "The 
specimens  were  placed  one  at  a  time  in  a  vice  and  struck  with  a 
3-pound  hand  hammer.  This  was  given  as  a  crude  test  of  their 
toughness.  All  of  the  samples  were  polished  and  examined  under 
the  microscope  both  before  and  after  etching  with  picric  acid. 
One  sainple  from  each  bar  went  through  all  of  these  tests  in   the 
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sand  cast,  untreated  condition.  The  results  are  given  in  the  data 
tables,  and  in  the  text  following.  Some  of  the  more  interesting 
microscopic  "Structures  were  photographed  and  are  shown  herewith. 

Results 
Hardness 

it  will  be  noted  that  all  specimens  quenched  from  tempera- 
tures above  1500  degrees  Fahr.  were  too  hard  to  saw  and  showed 
a  scleroscope  reading  above  55. 

Toughness 
The  most  startling  thing  about  all  the  results  was  the  extreme 
variation  from  great  toughness  to  great  brittleness  on  the  different 


Data  Table  I 
Heat  Treatments  and  Results  on  Samples  from  Bar  No.  1 

Sample  Heat  Treatment      •  Hardness  Toughness 

Shore  Saw 

I A       Sand  cast:  no  treatment 45  Soft  Brittle 

IB       Carburized    3    hrs.    cooled    slowly     40  Soft  Brittle 

IC       Carburized   3    hrs.   cooled   slowly; 

reheated    to   1500°F;    quenched 

in  water 65  Hard         Fairly  tough 

ID       Carburized  3  hrs.  quenched  in  oil 

directly 75  Hard  Brittle 

IE       Carburized  3  hrs.  quenched  in  oil; 

reheated  to  1500°F;  quenched  in 

water 68  Hard  Brittle 

IH      Heated  3  hrs.  at  1700°F  in  sand; 

quenched  in  oil 62     Fairly  Hard        Brittle 

II        Heated  3  hrs.  at  1700°F  in  sand; 

quenched  in  water.  • 62     Fairly  Hard        Brittle 

IJ        Heated  to  1700°F  in  open  furnace; 

quenched  in  water 72  Hard 

1  K      Heated  to  1700°F  in  open  furnace; 

quenched  in  oil 68  Hard  Brittle 

II-       Heated  to  1420°F  in  open  furnace; 

quenched  in  water 47  Soft  Brittle 

IM      Heated  to  1500°F  in  open  furnace; 

quenched  in  water 72  Hard  Brittle 

specimens.  The  samples  which  were  tested  in  the  sand  cast  con- 
dition were  all  easily  broken.  Unfortunately  there  were  no  available 
means  of  making  quantitative  shock  tests  on  specimens  of  this  size. 
.Simply  testing  by  placing  the  specimen  in  a  vice  and  hitting  with 
a  3-pound  hand  hammer,  is  so  crude  that  it  is  difficult  to  describe  the 
results.  Suffice  it  to  say  that  the  only  ones  which  could  be  called 
tough  at  all    were  the  ones   which    were   heated   in   the  carhurizing 
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material,  slowly  cooled,  reheated  to  1500  degrees  Fahr.  and  quenched 
in  water.  All  of  the  specimens  so  treated  showed  some  resistance 
to  the  hammer.  The  most  startling  variation  was  found  between 
specimens  3C  and  3G.  Both  of  these  were  slabs  3/8  of  an  inch  thick 
from  the  same  bar.  Specimen  3G  was  in  the  sand  cast  condition, 
while  3C  had  been  carburized,  cooled,  reheated  and  quenched.  The 
former  was  broken  by  one  hard  blow  of  tlie  3-pound  hammer, 
while  3C  could  not  be  broken  by  numerous   blows.     A  3/32-inch 


Data  Table  II 
Heat  Treatments  and  Results  on  Samples  from  Bar  No.  2 

Sample  Heat  Treatment  Hardness  Toughness 

Shore  Saw 

2A       Sand  cast;  no  treatment.  45  Soft  Brittle 

:B       Carburized  3  hrs.  cooled  slowly..  .      39  Soft  Brittle 

2C       Carburized  3  hrs.  quenched  in  oil.      77  Hard  Brittle 

2F.       Carburized  3  hrs.  quenched  in  oil 

reheated  to  1500°F;  quenched  in 

water 63  Hard  Brittle 

2(;       Carburized   3    hrs.   cooled   slowly; 

reheated    to    1500°F;    quenched 

in  water 55  Hard  Tough 

2H      Heated  3  hrs.  at  1700°F  in  sand; 

quenched  in  oil 55  Hard  Brittle 

21         Heated  3  hrs.  at  1700°F  in  sand; 

quenched  in  water 55  Hard  Brittle 

21        Heated  to  1700°F  in  open  furnace; 

quenched  in  water 80  Hard  Brittle 

2K       Heated  to  1700°F  in  open  furnace; 

quenched  in  oil 70  Hard  Brittle 

21.       Heated  to  1420°F  in  open  furnace; 

quenched  in  water 47  Soft  Brittle 

2M      Heated  to  1500°F  in  open  furnace; 

quenched  in  water 68  Hard  Brittle 

\'  groove  was  then  ground  and  filed  in  this  sample,  and  it  was 
again  struck  with  the  3-pound  hammer,  but  again  it  failed  to 
break.  After  several  attempts  it  was  broken  with  a  10-pound 
sledge.  The  other  samples  which  received  the  same  heat  treatment 
were  only  ji  of  an  inch  thick  and  consequently  were  easier  broken. 
The  specimens  which  were  simply  heated  in  the  open  furnace 
particularly  to  the  higher  temperatures,  shattered  quite  easily  when 
hit  with  a  hammer.  In  some  cases  a  light  tap  would  cause  the 
sample  to  break  into   several   pieces. 

Fractures 
The  fractures  of  the  original  castings  were  gray.     Some  of  the 
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specimens  quenched  from  the  higher  temperatures  showed  very 
Hght  fractures  which  were  very-  coarse  grained.  As  already  men- 
tioned these  were  very  brittle.  The  samples  which  were  cooled 
slowly  all  showed  gray  fractures.  Some  of  the  specimens  which 
were  carburized,  cooled,  reheated  and  quenched  showed  a  dif- 
ference in  the  fracture  between  the  center  and  the  outer  laver  some- 


Data  Table  III 
Heat  Treatment  and  Results  on  Samples  from  Bar  No.  3 

Sample  Heat  Treatment  Hardness  Toughness 

Shore  Saw 

3A       Carburized    8   hrs.    cooled   slowly; 
reheated  to  1500°F;  quenched  in 

water 70  Hard  Tough 

3B       Carburized    8    hrs.    cooled   slowly     35  Soft 

3C       Carburized   8   hrs.   cooled   slowly; 
reheated    to    1500°F;    quenched 

in  water 70  Hard  \'ery  Tough 

3D      Carburized    8   hrs.    cooled   slowly. 

3E       Sand  cast;  no  treatment 45  Soft  Brittle 

3G       Sand  cast;  no  treatment 

3H      Heated  for  3  hrs.  at  1700°F  in  clay; 

cooled  slowly 45  Soft 

Note — By  the  term  "Carburized,"  used  in  these  tables,  and  in  connec- 
tion, with  the  photographs,  it  is  meant  that  the  specimen  so  labelled  was 
heated  in  a  carburiz  ng  material  to  1700°F,  without  regard  to  whether  the 
process  is  true  carburization  or  not. 


what  similar  to  the  difference  between  the  case  and  the  core  of  a 
case  hardened  steel  specimen.  The  difference  was  not  so  pronounced 
as  in  the  case  of  steel.  The  fracture  was  not  as  light  as  some 
of  the  specimens  quenched  from  the  higher  temperatures.  Speci- 
men 3C  showed  a  very  fine  grayish   fracture. 

MicrostructMrc 

In  order  to  understand  better  what  changes  actually  took 
place  the  specimens  were  examined  under  the  microscope.  A  few 
of  them  are  shown  here.  While  these  speak  pretty  well  for  them- 
.selves,  especial  attention  is  directed  to  several  things.  Figs.  1. 
2,  9,  10,  11,  17,  18  and  19  show  the  three  bars  in  the  original 
cast  condition.  It  will  be  noted  that  the  structure  of  each  bar 
contains  free  graphite,  free  ferrite,  and  combined  carbon  in  the 
form  of  pearlite.  The  specimens  which  were  heated  in  the  car- 
burizing    material    and    cooled    slowly,    show    in    cacli    instance    a 
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fig.  1 — Specimen  lA  as  cast,  unetched.  X  lUU.  Fig.  2 — Specimen  lA  as  cast,  etched. 
X  100.  Fig.  3 — Specimen  IB,  carburized,  cooled,  center  unetched.  X  100.  Fig.  4 — 
Specimen  IB,  carburized,  cooled,  edge  etched.  X  100.  Fig.  5 — Specimen  IB,  carburized, 
cooled,  center  etched.  X  100.  Fig.  6 — Specimen  IC,  carburized,  cooled,  reheated, 
quenched,   edge   etched.    X    100. 
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Fig.  7 — Specimen  IC,  carburized,  cooled,  reheated,  quenched,  edge  etched.  X  400. 
Fig.  8 — Specimen  IC,  carburized,  cooled,  reheated,  quenched,  cenl'er  etched.  X  100. 
Fig.  9 — Specimen  2A  as  cast,  unetched.  X  100.  Fig.  10 — Specimen  2 A  as  cast,  etched. 
X  100.  Fig.  11 — Specimen  2A  as  cast,  etched.  X  400.  Fig.  12 — Specimen  2B,  car- 
burized, cooled,   unetched.    X    100. 
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Fig.  13 — Specimen  2B,  carburized,  cooled,  edge  etched.  X  100.  Fig.  14 — Specimen 
2B,  carburized,  cooled,  center  etched.  X  100.  Fig.  IS — Specimen  2G,  carburized,  cooled, 
reheated,  quenched,  edge  etched.  X  100.  Fig.  16 — Specimen  2G,  carburized,  cooled,  re- 
heated, quenched,  center  etched.  X  100.  Fig.  17 — Specimen  3E  as  cast,  unetched.  X  100. 
Fig.   18 — Specimen  3E  as  cast,  etched.   X    100. 
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FiR.  19 — Specimen  JE  as  cast,  etched.  X  400.  FiK-  -0 — Specimen  3D,  carburized, 
cooled,  ed«e  etched.  X  100.  Fig.  21 — Specimen  3D,  carburized,  cooled,  near  edge 
etched.  X  400.  Figr.  22 — Specimen  3D,  carburized,  cooled,  center  etched.  X  100. 
Fig.  23 — Specimen  3D,  carburized,  cooled,  center  etched.  X  400.  F""igr.  24 — Specimen  3C, 
carburized.   cooled,   reheated,   quenched,   unetched.    X    100. 
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Fig.  25— Specimen  3C,  carburized,  cooled,  reheated,  quenched,  edge  etched.  X  400. 
Fig.  26 — Specimen  3C,  carburized,  cooled,  reheated,  quenched,  center  etched.  X  350. 
Fig.  27 — Specimen  3H,  heated  in  clay,  cooled,  edge  etched.  X  100.  Fig.  28 — Specimen 
3H,  heated  in  clay,  cooled,  near  edge  etched.  X  400.  Fig.  29 — Specimen  3H,  heated 
in  clay,  cooled,  center  etched,  X  100.  Fig.  3n — Specimen  3H,  heated  in  clay,  cooled, 
center  etched.    X    li^O. 


1923  CARBURIZING  CAST  IRON  505 

broad  zone  at  the  edge  which  is  largely  pearlite.  This  corres- 
ponds very  closely  in  appearance  with  the  case  of  a  case  carburized 
steel  except  that  there  is  free  graphite  present  in  these  cases.  Ap- 
parently the  combined  carbon  in  these  zones  is  at  least  a  little 
higher  than  in  the  original  casting.  (Note: — 3B  and  part  of  3D 
did  not  show  the  pearlitic  zone  at  the  edge.  This  may  have  been 
due  to  the  leaky  condition  of  the  carburizing  container.  The 
quenched  specimens  of  this  series  hardened  properly,  indicating  that 
the  outer  zones  must  have  been  largely  pearlite).  The  photo- 
micrographs of  the  centers  of  the.  carburized,  slowly  cooled 
samples,  show  much  more  free  ferrite  than  in  the  original  casting. 
Evidently  during  the  long  heating  the  combined  carbon  in  the 
center,  broke  down  into  its  constituents,  graphite  and  free  ferrite. 
In  the  specimens  which  were  reheated  and  quenched,  some  of  this 
free  ferrite  has  disappeared.  Evidently  it  has  been  dissolvd  in 
the  formation  of  the  semihardened  structure.  The  photographs 
of  sample  3H  are  shown  in  Figs.  27-30.  It  will  be  noted  that  here 
too  there  is  a  pearlitic  band  at  the  outside  but  that  it  is  not 
as  deep  as  those  produced  by  heating  for  three  hours  in  a 
carburizing  material,  and  not  nearly  as  deep  as  the  one  produced 
by  8  hours  carburization.  It  will  also  be  noted  that  there  is  a 
tendency  towards  decarburization  at  the  extreme  edge.  The 
decomposition  of  the  combined  carbon  in  the  core  is  noted  as  before. 

Conclusions 

This  paper  is  not  complete  and  exhaustive  enough  to  be  the 
basis  for  any  final  conclusions.  There  are  many  things  yet  to  be 
worked  out.  Future  work  may  alter  the  opinions  which  would  be 
drawn  from  this  paper  alone.  The  paper  does  demonstrate  the 
possibility  of  greatly  improving  the  quality  of  gray  cast  iron.  The 
best  samples  in  this  series  were  hard  and  at  the  same  time  had 
a  toughness  almost  comparable  with  that  of  a  case  hardened  low 
carbon  steel.  They  were  considerably  stifTer  than  malleable  cast- 
ings. It  would  seem  that  the  production  of  such  a  combination 
of  properties  from  cheap  gray  cast  iron,  might  have  considerable 
commercial  value. 

There  may  be  differences  of  opinion  as  to  exactly  what  took 
place,  during  the  "carburizing"  heat,  as  well  as  the  reasons  for 
them.     In  the  first  place  it  seemed  quite  evident  that  the  combined 
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carbon  in  the  center  decomposed  into  ferrite  and  graphite.  In 
other  words,  the  action  was  the  familiar  malleablizing  anneahng, 
except  that  the  amount  of  combined  carbon  in  the  original  casting 
was  lower  than  customary.  This  meant  that  the  decomposition  or 
annealing  did  not  require  as  much  time.  The  carbon,  however, 
which  was  in  the  plate  form  in  the  original  casting  was  inclined 
to  remain  in  that  condition.  This  could  not  be  considered  an 
advantage.  Fig.  24  shows  that  sample  3C  after  heat  treating, 
contained  graphite  mostly  in  the  globular  form.  Two  other  photo- 
graphs of  heat  treated  samples  from  bar  No.  3  showed  the  same 
condition.     The  writer  does  not  see  the  explanation. 

What  happens  in  the  outer  zones  of  these  pieces  when  heated 
in  contact  with  a  carburizing  material,  may  also  be  open  to  specula- 
tion. At  the  end  of  the  run  it  is  noted  that  the  outer  layer  is 
mostly  pearlite.  Of  course  there  was  considerable  pearlite  in  the 
casting  to  begin  with'.  It  would  be  interesting  to  try  the  same 
process  on  a  cast  iron  containing  as  little  combined  carbon  as 
possible.  It  seems  probable  that  the  combined  carbon  in  the  outer 
zone  is  actually  increased  by  the  "carburizing"  run.  Why  should 
this  take  place?  Does  the  pressure  or  quantity  of  carbon  monoxide 
gas  in  the  carburizing  box,  produce  a  different  condition  of  chem- 
ical equilibrium  with  which  a  higher  amount  of  combined  car- 
bon in  the  outer  zone,  is  in  balance?  Why  should  heating  favor 
decomposition  of  the  combined  carbon  in  the  center  and  the  forma- 
tion of  the  same  compound  near  the  surface?  Does  it  not  seem 
reasonable  that  this  may  be  due  to  the  action  of  the  gases  generated 
by  the  carburizing  material? 

Another  question  which  may  well  be  raised,  is ;  what  com- 
position of  cast  iron  would  be  the  most  suitable.  If  the  silicon 
is  very  high  and  the  combined  carbon  very  low,  it  might  be  possible 
that  the  excess  of  graphitic  carbon  might  retain  the  plate  form 
which  w^ould  mean  a  weakness.  Again  if  the  silicon  were  very 
high  would  it  not  prevent  the  formation  of  pearlite  in  the  outer 
zone?  If  the  silicon  were  very  low  there  would  be  a  great  deal 
of  combined  carbon  in  the  casting  to  begin  with.  This  might  re- 
quire considerable  heating  to  break  down  and  toughen.  Also,  if 
the  silicon  were  low,  would  it  favor  the  formation  of  excessive 
combined  carbon  in  the  outer  zone  and  cause  brittleness? 
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Bibliography   of  Hardness  Testing 

The  following  bibliography  covers  the  literature  on  Hardness 
Testing.  The  work  on  this  bibliography  was  carried  out  at 
the  instigation  of  Dr.  H.  L.  Whittemore  of  the  U.  S.  Bureau 
of  Standards  and  was  donated  to  the  National  Research 
Council  Committee  on  Hardness  Testing  by  the  American 
Society  of  Mechanical  Engineers  who  prepared  it  in  their 
Library  in  New  York.  Additional  references  were  supplied 
by  Dr.  P.  D.  Merica  of  the  International  Nickel  Company 
and  Dr.  H.  P.  Hollnagel  of  the  General  Electric  Company. 


N.    B. — Entries    marked    (  +  J     refer    to    publications    which    are    not 
available. 

1901 

Keep,  W.  J.  Hardness  or  the  workability  of  metals.  1901.  (In  Trans- 
actions American  Society  Mechanical  Engineers,  Vol.  22,  p.  293- 
311.)  Describes  the  use  of  a  drill  press  for  testing  hardness. 
Tables    give    results    of   tests    of   various    kinds    of  iron. 

1909 

Turner,  T.  Notes  on  tests  for  hardness.  1909.  (In  Journal  of  Iron 
and  Steel  Institute,  Vol.  79,  p.  426-43.)  Describes  the  principles 
underlying  the  sclerometer  methods  of  Turner  and  Shore,  the 
Brinell  test,  and  the  Keep  test.  Compares  the  results  obtained  by 
the    four    methods    for    lead,    tin,    zinc,    copper,    iron,    etc. 

1910 

Mather,  R.  Hardness  testing  of  cast  iron.  1910.  (In  Mechanical  En- 
gineering, Vol.  26,  p.  190-1.)  Describes  and  compares  the  various 
methods  of  testing  hardness.  Results  of  hardness  tests  made  on 
pig   iron    and    cast    iron    are    tabulated. 

Roush,  G.  A.  Hardness  and  its  measurement.  1910.  (In  Chemical 
and  Metallurgical  Engineering,  Vol.  8,  p.  578-81).  Tests  on  forged 
and  annealed  nickel  alloys,  copper  alloys,  monel  alloys  were  made 
by  the  scleroscope  method.  Results  are  given  in  curves  and  dis- 
cussed. 

Schneider,  J.  J.  Die  Kugelfallprobe.  1910.  (In  Ztschr.  Ver.  d.  Ing., 
Vol.  54,  p.  1631-7.)  Analyzes  the  ball  method  for  testing  hard- 
ness. Gives  results  of  tests  made  on  pig  iron,  brass,  tool  steel, 
etc.,  with  an  apparatus  designed  by  himself.  Describes  in  detail 
method    of    calculating    hardness    dynamically. 
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1911 

Shore,  A.  F  The  property  of  hardness  in  metals  and  materials. 
1911.  (In  Proceedings  American  Society  Testing  Materials,  Vol. 
11,  p  733-9)  Discusses  the  semiautomatic  scleroscope,  the  drill 
test  and  the  hardness  test  applied  to  rolling-mill  products  and 
cutting  tools. 

Smith  .  Hardness  tests,.  1911.  (In  Practical  Engineering,  Vol.  44,  p. 
238-9,  268-9.)  Methods  of  measurement;  the  scratch  tests,  the 
"Sclerometer,"  Indentation  tests,  Unwin's  tests,  Brinell's  ball  test, 
Keep's  test.  Shore's  scleroscope.  Comparative  hardness  tests  of 
lead,    tin,    zinc,    copper,    iron,    etc.,    are    tabulated. 


1912 

Ammon,  M.  A.  Measurements  and  relations  of  hardness  and  depth 
of  carburization  in  case-hardened  steel.  1912.  (In  Bulletin  Amer- 
ican Institute  Mining  Engineers,  Vol.  70,  p.  1167-79.  Abstracted, 
Chemical  Abstracts,  Vol.  7,  1913,  p.  57).  Brinell  and  scleroscope 
tests  were  obtained  in  the  study  of  two  specimens  of  steel  sub- 
jected   to    varied    treatment. 

Avery,  W.  and  T.  An  Avery  machine  of  pendulum  type  with  anvil 
block  for  hardness  testing — measure  indentation  and  height  of  fall 
or   energy.     (Engineering,   \"ol.  94,   p.   353). 

Bernard,  V.  Uses  pendulum  hammer,  measures  rebound  as  in  sclero- 
scope. Only  good  for  workshop  practice.  (Revue  de  Metallurgie, 
Vol.   9,   p.   570-574). 

Brayshaw,  S.  N.  The  hardening  of  carbon  and  low  tungsten  tool 
steels  1912.  (In  Engineering  Magazine,  Vol  44,  p  348-53).  Shows 
the  influence  of  heat  treatment  upon  the  hardness  of  steel  bars. 
Results    of    Brinell    and    scleroscope    tests    are    tabulated. 

Brenet,  L.  Sur  le  traitment  thermique  et  mecanique  des  aciers.  1912. 
(In  La  Techn.  Moderne,  Vol.  5,  p.  353-7).  On  heat  treatment 
and  mechanical  treatment  of  steel  containing  a  brief  note  on  hard- 
ness of  steel  as  result  of   its   transformation   b}'  heat   treatment. 

Bullens,  D.  K.  Brinnel  test  for  automobile  steel.  1912.  (In  Iron  Age. 
Vol.  89,  p.  7-10).  Investigation  showing  that  hardness  as  so  de- 
termined gives  no  dependable  measure  of  strength  or  other  prop- 
erties. Tests  were  carried  out  on  chrome-nickel  steel  and  special 
carbon    steel   hot   and    cold    rolled, 

Burian,  C.  Process  of  hardening  steel  poor  in  carbon.  U.  S.  Pat.  1,- 
042,999.  1912.  (In  Ofificial  Gazette,  Vol.  183,  p.  1257).  Consist- 
ing   in    packing    the    steel    body    provided    at    one    or    more    prede- 
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termined  places  to  be  hardened  with  a  hardening  mass  in  pure 
burned  silicious  sand,  and  in  subsequently  highly  heating  the 
packed   steel   body. 

Devries,  R.  P.  Comparison  of  five  methods  used  to  measure  hardness. 
1912.  (In  U.  S.  Bureau  of  Standard  Technical  Paper  11,  p.  27, 
Abstracted  in  Journal  Iron  and  Steel  Institute,  Vol.  87,  p.  660). 
Compares  the  Brinell  test,  the  cone  test,  Shore  scleroscope,  Bauer 
drill   test,   and   the    Ballantine    hardness   test. 

Grard,  C.  Research  on  the  hardness  of  steel.  1912.  New  York.  Sixth 
Congress  of  the  International  Association  for  Testing  Materials. 
13  pp.  Describes  the  Brinell  hardness  test  and  its  application  for 
the  control  of  the  homogeneity  and  the  determination  of  the  me- 
chanical  properties   of   steel,   and   the   drawing   up   of   specifications. 

Guillery,  R.  On  the  tests  of  hardness,  elastic  limit  and  resilience.  1912. 
New  York.  Sixth  Congress  of  the  International  Association  for 
Testing  Materials,  21,  pp.  Detailed  description  and  mode  of  em- 
ployment of  model  apparatus  yielding  hardness.  Illustrations  of 
the  apparatus  for  testing  hardness  and  table  of  hardness  numbers, 
and    corresponding    tensile    strengths. 

Hanriot,  M.  Sur  la  durete,  1912.  (In  Comptes-Rend.,  Vol.  155.  p. 
713-6.  Abstracted  in  Journal  Iron  and  Steel  Institute,  Vol.  87,  p. 
660-1).  Brinell  hardness  tests  were  made  on  bronze-aluminum, 
nickel,    copper,    silver,    lead,    etc.,    under   varying   pressure. 

Hanriot,  M.  Sur  I'ecrouissage.  1912.  (In  Comptes-Rend.,  Vol.  155,  p. 
828-31.  Abstracted  Journal  Iron  and  Steel  Institute,  Vol.  87,  p. 
660-1).  Investigates  the  effect  of  hammer  hardening  on  metals. 
Hardness  tests  under  varj-ing  pressure  have  been  made  with  alu- 
minum,   silver,   brass,   etc. 

Hanriot,  M.  Sur  I'ecrouissage  sans  deformation.  1912.  (In  Comptes- 
Rend.,  Vol.  155,  p.  1502-4.  Abstracted,  Journal  Iron  and  Steel  In- 
stitute, Vol.  87,  p.  661).  By  compression  a  hardening  effect  was 
produced  without  changing  the  structure.  Silver,  iron,  zinc  and 
ordinary   brass    were    tested. 

Hanriot,  M.  Sur  I'etirage  des  metaux.  1912.  (In  Comptes  Rend., 
Vol.  155,  p.  971-4.  Abstracted. Chemical  Abstracts.  Vol.  7.  p.  2038). 
Effect  of  stretching  on  hardness  of  aluminum,  brass,  silver,  etc., 
and  relation  between  hardness  and  tensile  stress.  Results  of  tests 
are   tabulated. 

Machine  by  Guillery  similar  to  Brinell  machine.  (Mechanical  Engi- 
neering, Vol.   29,   p.   745). 

Osann,  B.  Die  Erzeugung  "umgekehrten  Hartgusses"  und  die  Har- 
tung  von  Gusstucken  durch  Geblaseluft.  1912.  (In  Stahl  und 
Eisen,  Vol.  i2,  p.  1819-22).  Hardening  of  cast  iron  by  air  blasts 
and    formation    of    "inside    chill." 
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Saniter,  E.  H.  Hardness  testing  and  resistance  to  mechanical  wear. 
1912.  Sixth  Congress  of  the  International  Association  for  Test- 
ing Materials,  New  York,  7  pp.  The  Brinell  ball  test  and  the 
scleroscope  have  been  used  for  hardness  testing  of  carbon  steels, 
alloy  steels  containing  manganese,  nickel,  chrome,  vanadium.  Con- 
cludes that  a  high  Brinell  number  does  not  always  indicate  better 
Avear. 

West,  T.  D.  New  processes  for  chilling  and  hardening  cast  iron.  1912. 
(In  Journal  American  Society  Mechanical  Engineers,  Vol.  34,  p. 
837-62).  Gives  results  of  scleroscope  tests  for  hardness  of  chilled 
bars;  describes  the  hardening  of  a  chilled  body  when  hot  by  im- 
pingement   of    air    against    its    surface. 

West,  T.  D.  Tests  of  chillable  irons.  1912.  (In  Journal  American  So- 
ciety Mechanical  Engineers,  Vol.  34,  p.  865-82).  Relative  strength 
of  gray  iron  and  of  partly  or  wholly  chilled  iron,  with  table  giv- 
ing   Brinell    and    scleroscope    tests    of   three    samples    of    iron   bars. 


1913 

Bigger,  C.  M.  Tool  steel  from  a  salesman's  point  of  view.  1913.  (In 
Iron  Age,  Vol.  91,  p.  706-8).  Suggestions  for  hardening  expen- 
sive steel  tools.  Water,  salt  water  and  oil  as  hardening  medium 
for   carbon   steels. 

Devries,  R.  P.  Mechanical  tests  of  heat-treated  spring  steel.  1913. 
(In  Proc.  American  Society  for  Testing  Alaterials,  Vol.  13,  p.  550- 
69.  Abstracted  Iron  Age,  Vol.  92,  p.  50-1).  Brinell  hardness  tests 
were  made  by  measuring  the  permanent  depth  of  indentation  for 
•  successiveh'  applied  loads.  The  hardness  values  are  plotted  in 
tables. 

Dreymann.  Hardening  cerium  and  its  alloys  for  use  in  pyrophorus 
products.  1913.  (In  Chemical  Abstracts,  Vol.  7,  p.  3310).  Abstract- 
ed Dreymann's  German  Pat.  260,843,  1911.  By  heating  in  an  in- 
different  or   reducing   gas   and   then   suddenly   cooling. 

Eastick,  T.  A.  Hardness  of  metals.  1913.  (In  Scientific  American 
Supplement;  Vol.  7B,  p.  277-8).  Briefly  discusses  the  conditions 
necessary    to    obtain    various    degrees    of    hardness. 

Electric  Hardening  Furnace.  1913.  (In  Iron  Age,  Vol.  92,  p.  174,  Ab- 
stracted in  Chemical  Abstracts.  Vol.  7.  p.  3275).  Including  the  use 
of  a  preheater.  Different  proportions  of  KCl  and  BaCU  are  used 
in  the  bath   for  hardening  carbon,  ordinary  tool  and   high-speed  tool 
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steels.     The    method    used    is    described    and    the    equipment    of    the 
plant    shown    by    illustrations. 

Gloess.  Hardening  of  carbon  steel.  1913.  (In  Chemical  Abstracts, 
Vol.  7,  p.  1868).  Abstract  of  Gloess'  French  Pat.  445,739,  1912. 
The  steel  heated  to  a  dark  cherry-red  is  hardened  in  a  bath  con- 
sisting   of    a    concentrated    aqueous    solution    of    a    magnesium    salt. 

Goerens,  M.  P.  Influence  de  I'ecrouissage  sur  les  proprietes  de  I'acier. 
1913.  (In  Revue  de  Metallurgie,  Vol.  10,  Memoirs,  p.  608-64). 
Brinell  and  scleroscope  hardness  testing  methods  are  described 
and  hardness  tests  made  on  steel  containing  varied  amounts  of 
carbon    are    tabulated. 

Goerens,  P.  Uber  den  Einfluss  der  Mechanischcn  Formgebung  auf 
die  Eigenschaften  von  Eisen  and  Stahl.  1913.  (In  Stahl  und 
Eisen,  Vol.  Z2,  p.  438-44).  States  that  the  hardness  of  soft  pig- 
iron  having  the  Brinell  hardness  135  obtained  a  hardness  of  265 
after    cold    work. 

Le  Grix,  G.,  and  Broniewski,  W.  Sur  la  durete  des  alliages  aluminum- 
argent.  1913.  (In  Revue  de  Metallurgie,  Memoirs,  Vol.  10,  p.  1055- 
64).  A  definition  of  "hardness,"  description  of  the  Brinell  method 
of  hardness  tests  with  the  Grix  apparatus  of  aluminum-silver  al- 
loys.    Bibliography   on    hardness   of   metals    1859-1912. 

Guillet,  M.  L.  Les  laitons  au  nickel.  1913.  (In  Revue  de  Metallurgie, 
Memoirs,  Vol.  10,  p.  1130-41).  A  paper  on  nickel  brass.  Table 
is  given  containing  data  on  Brinell  hardness  of  various  copper- 
nickel    alloys. 

Haler,  P.  J.,  and  Stuart,  A.  H.  Testing  the  hardness  of  steel.  1913. 
(In  Practical  Engineer,  Vol.  47,  p.  25-6.  Abstracted  Journal  Iron 
and  Steel  Institute,  Vol.  87,  p.  6607).  Method  of  operation  of  the 
scleroscope   for   hardness   testing  of   steel. 

Hardening  and  tempering  steel.  1913.  (In  Machinery,  Vol.  20,  p 
103-6).  Review  of  the  general  requirements  and  characteristics 
of   quenching   and   tempering   baths. 

Hubert,  H.  Present  methods  of  testing.  1913.  (In  Journal  Iron  and 
Sttel  Institute,  Vol.  88,  p.  203-5).  Discusses  the  question  of 
hardness  and  describes  the  Shore  and  Brinell  hardness  testing 
machines. 

Impact  ball  tester  for  hardness.  1913.  (In  American  Machinist,  Vol. 
39,  p.  163.  Abstracted  Journal  Iron  and  Steel  Institute,  Vol.  88, 
p.  651).  A  simple  design  of  impact  ball  hardness  testing  machine 
is   illustrated. 

Index  to  the  reports  of  the  tests  of  metals  and  other  materials  1881- 
1912,  including  1913.  Washington  Government  Printing  Office,  240 
pp.     Contains   data   on    hardness   of   various   alloys   and   metals. 
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Keen,  W.  H.  Apparatus  for  testing  hardness  of  metals.  U.  S.  Pat. 
1071430.  1913.  (In  Official  Gazette.  Vol.  183.  p.  900).  By 
means  of  a  hard  metal  ball  mounted  in  a  shoe  and  a  weight  adapt- 
ed to  strike  said  shoe  and  transmit  the  force  of  the  blow  to  said 
ball. 

Kessner,  A.  Drill  test  for  ascertaining  machining  properties  of  metals. 
(Carnegie   Scholarship    Memoirs,    Vol.    5,    p.    10-50). 

Kirner,  J.  Apparatus  for  testing  hardness.  U.  S.  Pat.  1057850.  1913. 
(In  OfKcial  Gazette,  Vol.  189,  p.  156).  Comprising  a  support,  a 
drop  weight,  means  for  reading  the  rebound  and  a  weight  re- 
taining member. 

Ledent  &  Wehrlin.  Hardening  of  cast  iron.  1913.  (In  Chemical  Ab- 
stracts, Vol.  7,  p.  1868).  Abstract  of  Ledent  &  Wehrlin's  French 
Pat.  446,284,  1911.  Employing  a  mixture  of  water,  nitric  acid, 
potter's    clay,    lampblack    and    AS2O3. 

McCormick,  J.  H.  Process  for  surface-hardening  metal.  U.  S.  Pat. 
1071937.  1913.  (In  Official  Gazette.  Vol.  194,  p.  93).  By  subjecting 
to  the  heat  from  gases  at  over  4000  degrees  Fahr.,  discontinuing 
the  heating  as  soon  as  the  surface  metal  has  reached  the  hard- 
ening temperature  and  quickly  subjecting  said  heated  surface  to 
a   chilling   process. 

McLarty,  J.  A.  Process  of  treating  organic  and  inorganic  materials. 
U.  S.  Pat.  1072751.  1913.  (In  Official  Gazette,  Vol.  194,  p.  398). 
Hardening  metals  by  subjecting  to  the  action  of  gases  and  vapors 
evolved  by  heating  a  mixture  including  a  carbohydrate  and  crude 
petroleum. 

McLarty,  J.  A.  Process  of  hardening  copper.  U.  S.  Pat.  1079786. 
1913.  (In  Official  Gazette.  Vol.  196.  p.  974).  By  coating  the 
copper  with  a  material  including  a  carbohydrate  and  by  heating 
to  a  temperature  of  about  1600  degrees  Fahr.,  and  then  allowing 
to    remain    out    by    contact    with    air    until    cold. 

Norris,  G.  L.  Resistance  of  steels  to  wear  in  relation  to  their  hard- 
ness and  tensile  properties.  1913.  (In  Proc.  American  Society 
for  Testing  Materials,  Vol.  13,  p.  562-9.  Abstracted  Iron  Age, 
Vol.  92,  p.  51).  By  using  a  special  machine  the  relation  between 
wear  and  hardness  of  steel  containing  manganese,  chromium,  nickel, 
vanadium  has  been  determined.  Hardness  tests  have  been  car- 
ried  out  by   the    Brinell  and   scleroscope   methods. 

Schwarze,  B.  Rechnerische  Ermittlung  der  Harte  nach  Hertz  und 
versuche  uber  die  praktische  Verwendbarkeit  der  Ergebnisse.  1913. 
(In  Annal.  fur  Gew.  u.  Bauwesen,  Vol.  73,  p.  81-5).  Mathemati- 
cal   calculation    of    hardness    after    Hertz    and    experiments    on    prac- 
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tical  application  of  results.     Crucible   steel   tests   have  been  made  by 
means    of   an    apparatus    operated    by    hydraulic    pressure. 

Simpson,  W.  T.  Treatment  of  steel  and  iron  surfaces.  U.  S.  Pat. 
1064671.  1913.  (In  Official  Gazette,  Vol.  191,  p.  548).  By  im- 
pregnating steel  or  iron  surfaces  with  metals  or  metallic  com- 
pounds for  hardening  and  by  fusing  electrically  and  alloying  such 
surfaces    while    in    a    vacuum. 

Unger,  M.  Electric  hardening  furnaces.  1913.  (In  General  Electric 
Review,  Vol.  16,  p.  158-63.  Illustrated  description  of  furnaces  suit- 
able  for  hardening   different   kinds  of   steel. 

Walker,  F.  Testing  the  hardness  of  metals  and  its  advantages.  1913. 
(In  Canadian  Machinerj^  Vol.  10,  p.  73-4.  Abstracted  Journal 
Iron  and  Steel  Institute,  Vol.  88,  p.  658)  Describes  various  meth- 
ods for  testing  hardness  of  metals  and  their  application  to  cutting 
tools  and   high   speed   steel. 

1914 
Beilley,     G.     T.     The     hardening     of     metals.     1914.     (In      Transactions 
Faraday   Societj-,    Vol.    10,    p.    212-15).     Hardening   of   the   pure    duc- 
tile   metals    resulting    from    cold    working,    from    their    mixture    with 
each    other    or    with    nonmetallic    elements.     Hardening    by    chilling. 

Bryda,  H.  Process  of  hardening  copper  alloys  containing  a  small 
amount  of  tin.  U.  S.  Pat.  1095804.  1914.  (In  Official  Gazette, 
Vol.  202,  p.  216).  By  filing  a  portion  of  the  surface  and  then 
placing  the  alloy  after  heating  upon  a  layer  of  sandy  loam  which 
has  been  kept  out  of  contact  with  HjO,  and  sunlight,  and  allow- 
ing it  to  remain  until  the  filed  portion  changes  to  a  bluish  color 
and   finally   cooling   in   a   dry   place. 

Committee  E-1.  Report  of  Committee  E-1  on  standard  methods  of 
testing.  1914.  (In  Proc.  American  Society  Testing  Materials, 
Vol.  14,  I,  p.  391-6).  Standard  methods  for  Brinell  hardness  tests 
of  metals  are  recommended.  Method  of  heat  treatment  of  balls, 
a    standard    diameter   and    form    of    balls,    standard    pressures,    etc. 

Simplified  heat-treatment  gained  by  skillful  steel  making.  1914.  (In 
Automobile,  Vol.  31,  p.  1118-20).  Self-hardening  of  metals,  in- 
cluding   the    special    steels. 

Cunningham,  R.  H.  Steel  hardening  process.  1914.  (In  Canadian 
Engineer,  Vol.  26,  p.  607-9).  Effect  of  heat  treatment  on  specific 
properties  of  steel  and  description  of  the  hardening  process. 
Quenching  or  maintaining  hardness. 

Cimningham,  R.  H.  Use  of  electricity  in  the  steel  hardening  room. 
1914.     (In    Canadian    Engineer,   Vol.   26,   p.    706-10).     Description   of 
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an  electric  furnace  for  steel  hardening  or  Hoskins'  recalescent 
outfit  and  method  of  working.  Hardening  temperature  and  its 
measurement.  1 

Denis,  M.  Etude  sur  les  properties  generates  des  aciers  a  outils.  1914. 
(In  Revue  de  Metallurgie,  Memoirs  Vol.  11,  p.  569-669).  Properties 
of  tool  steels.  Numerous  tables  containing  data  on  hardness  of  steels 
with  various  carbon  content,  chrome  steels,  tungsten-steels,  and 
on    hardness    as    result    of    cold    work    or    heat    treatments. 

Dowd,  A.  A.  Hardening  steel  in  a  forge.  1914.  (In  Iron  Age,  Vol. 
94,  p.  553.  Abstracted  Journal  Iron  and  Steel  Institute,  Vol.  91, 
p.  583).  Comparison  of  results  secured  with  those  of  the  lead  bath 
method. 

Edwards,  C.  A.  The  hardening  of  metals  by  quenching.  1914.  (In 
Transactions  Faraday  Society,  Vol.  10,  p.  248-50).  Due  to  inter- 
nal   stresses    and    by    crystal    twinning. 

Edwards,  C.  A.,  and  Carpenter,  H.  C.  H.  Hardening  of  metals,  with 
special  reference  to  iron  and  its  alloys.  1914.  (In  Journal  Iron 
and  Steel  Institute,  Vol.  89,  p.  138-91).  Discusses  the  causes  of 
the  varying  degrees  of  hardness:  (1)  The  hardening  of  metals 
which  is  produced  by  direct  mechanical  work,  such  as  hammer- 
ing  and   rolling,    and    (2)    the    hardening    by    quenching. 

Grard.  Untersuchung  der  Harte  und  Sprodigkeit  von  Stahlen.  1914. 
(In  International  Zeitschr.  fur.  Metallog.,  Vol.  5,  p.  179-84.  Ab- 
stracted Journal  Iron  and  Steel  Institute,  Vol.  92,  p.  307).  Indi- 
cates the  way  of  determining  hardness  by  the  Brinell  method 
Suggests   to  apply  the   load  at  least   5   minutes   for   exact  work. 

Grard.  Brinell  test — ratio  of  B.  H.  N.  to  T.  S.  (International  Journal 
of    Metallography,    Vol.    5,    p.    179-185). 

Guillery,  R.  Machine  for  measuring  directly  the  hardness  of  metals. 
U.  S.  Pat.  1091128.  1914.  (In  Official  Gazette,  Vol.  200,  p.  964-5). 
Comprising  a  ball,  a  support  for  the  metal  test  piece,  means  for 
moving  the  metal  piece  against  the  ball,  a  screw  and  an  elastic 
cushion    between    the    ball    and    screw. 

Guillery.  Testing  hardness  of  metals,  1914.  (In  Chemical  Absti^acts, 
Vol.  8,  p.  317.  Guillery's  Brit.  Pat.  16879,  1912).  A  l>all  is 
brought  into  contact  with  the  metal  by  a  screw  which  serves  as  a 
micrometer    screw    for   measuring   the    depth    of    impression. 

Hadfield,  R.  A.  The  hardening  of  metals.  1914.  (In  Transactions 
Faraday     Society,     Vol.     10,     p.    207-11.     Abstracted     Journal     Iron 


1923  HARDNESS  TESTING  BIBLIOGRAPHY  515 

and  Steel  Institute,  Vol.  90,  p.  368).  Discusses  progress  made  in 
scientific  methods  for  the  accurate  determination  of  hardness  of 
metals. 

Hanemann,  H.,  and  Schulz,  E.  H.  Formanderungen,  Spannungen  und 
Gefugeausbildung  beim  Harten  von  Stahl.  1914-.  (In  Stahl  und 
Eisen,  Vol.  34,  p.  399-405,  450-7).  Form-changes  of  steel  during 
hardening  and  influence  of  stresses  on  hardness  of  carbon  steel 
and  special  steel  containing  nickel,   chromium. 

Hardness  testing.  1914.  (In  Engineering,  Vol.  117,  p.  281-3.  Ab- 
stracted Journal  Institute  of  Metals,  Vol.  11,  I,  p.  326).  Illustrated 
description  of  the  Martens  hardness  tester,  methods  of  testing 
and    of    the    tabulation    of    results. 

Hardness  and  warpage  of  shrapnel  case  metal.  1914.  (In  Tests  of 
Metals,    p.    36-8). 

Data  on  hardness,  after  annealing,  of  the  metal,  containing  3.5  per 
cent  of  nickel. 

-Heat  treatment  of  nickel-vanadium  steel.  1914.  (In  Tests  of  Metals, 
p.    146-52). 

Curve,  4.  p.  150.  shows  the  Brinell  ball  hardness  number  for  two 
specimens  of  heat  treated  steel. 

Hess,  H.  Brinell  hardness  tests.  1914.  (In  American  Machinist,  Vol. 
41,  p.  274.  Abstracted  Chemical  Abstracts,  Vol.  9,  1915,  p.  586). 
Suggests  to  adopt  the  standard  diameter  of  the  ball  as  10  mm. 
(0.4  in.)  with  a  permissible  variation  of  0.0025  mm.  or  0.0001  in., 
plus   or   minus  and  to  measure   the   ball  after   each   impression. 

Kelley,  E.  J.  Methods  of  determining  hardness.  1914.  (In  Me- 
chanical Engineer,  Vol.  34,  p.  122-4).  Iron  Trade  Review,  Vol. 
55,  p.  117-8,  142b.  c.  Abstracted  Journal  Iron  and  Steel  Institute, 
Vol.  91,  p.  597,  1915).  Describes  and  discusses  the  various  meth- 
ods of  hardness  determinations  and  the  specific  application  of  the 
different   kinds   of  tests   to   ascertain   different   kinds   of   hardness. 

Kuhnel,  R.,  and  Schulz,  E.  H.  Harteprufer,  1914.  (In  Giesserei  Ztg., 
Vol.  11,  p.  1-5,  56-9,  89-93).  Analyzes  the  various  apparatus  and 
methods  used  for  determining  hardness.  Describes  and  illustrates 
the  apparatus  of  Martens.  Brinell,  Shore  and  their  use  for  various 
purposes.  Recommend  the  apparatus  of  Shore  and  Schneider 
for  use  in  factories  and  the  apparatus  of  Martens  for  metallographic 
purposes. 

Lead  advantageous  in  refining  steel.  1914.  (In  Automobile,  Vol.  31, 
p.    364-5).     Lead    used    in    hardening    steel. 
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Local  surface-hardening  of  high  tensile  steels.  1914.  (In  Engineer- 
ing, Vol.  97,  p.  212-4.  Abstracted  Chemical  Abstracts,  Vol.  8,  p. 
1257).  Illustrated  description  of  ^'icker's  method  of  using  an 
equipment   for   oxyacetylene   welding. 

Means  for  ascertaining  the  hardness  of  metals  or  other  materials.  1914. 
(In  Journal  Society  Chemical  Ind.  Vol.  33,  p.  425.  Abstract  of 
Rudge-Whitworth's  and  Heathcote's  Eng.  Pat.  6622,  1913).  Based 
upon  the  fact  that  the  friction  between  the  body  to  be  tested  and 
a  hard  rough  surface,  such  as  that  of  a  file,  is  less  for  the  harder 
body. 

Portevin,  M.  A.  Influence  du  temps  de  chauffage  avant  la  trempe  sur 
les  resultats  de  cette  operation.  1914.  (In  Bulletin  de  la  Societe 
d'Encour.  pour  I'lnd.  Nat.,  Vol.  122,  p.  207-82).  Effect  of  the 
durability  of  heating  in  hardening  on  the  results  obtained  by  this 
operation.  Heating  in  a  salt  bath;  mechanical  tests  on  various 
steels;  Brinell  tests  on  special  carbon  steels  after  various  treat- 
ments;   Brinell   and   Shore   tests   on  molybdenum   steels. 

Ricalfi,  F.  Describes  a  portable  hardness  testing  machine.  Tube  with 
piston  and  hardened  ball  with  spring  to  measure  pressure.  (Metal- 
lurgia    Italiana.    Vol.    6,    p.    199-202). 

Shore,    A.    F.     What   is    hardness?  1914.     (In    Engineering,    Vol.    98,    p 

84-5.     Abstracted  Journal  Iron  and  Steel   Institute,   Vol.  90,  p.   368). 

Gives   a   definition   of   hardness  and   the   principle   of   the    scleroscope 
for    measuring    hardness. 

Shore,  A.  F.  Scleroscope,  U.  S.  Pat.  1121050.  1914.  (In  Official 
Gazette,  Vol.  204,  p.  833).  Having  a  specially  graduated  tube 
and  a  verj'  light  striker  freely  movable  in  the  tube  and  means  for 
controlling  the  movement  of  the   striker. 

Simpson.  Hardening  the  surfaces  of  iron  and  steel.  1914.  (In  Chem- 
ical Abstracts,  Vol.  8,  p.  2336.  Abstract  of  Simpson's  German 
Pat.  270535,  1912).  By  cementation  and  introduction  of  metals 
bj'  means   of  the   electric   current  in   vacuo. 

Skillman,  V.  Brinell  hardness  testing  of  nonferrous  alloys.  1914.  (In 
Transactions  American  Institute  of  Metals,  Vol.  8.  p.  151-60). 
Gives  the  principle  of  the  Brinell  test  and  the  standard  methods 
with  table  of  results  of  tests  made  with  two  diflferent  loads.  Phos- 
phor bronze,  gun  bronze,  manganese  bronze  of  varj-ing  composi- 
tion have  been  tested.  Table  with  usual  hardness  of  some  com- 
mon   alloys.     Brinell    and    scleroscope    readings. 

Stanton,  T.  E.  and  Batson,  R.  G.  C.  Hardness  and  wear  of  metals — 
Brinell  and  Janiter  wear  test.  (Report  of  National  Physical  Labor- 
atory). 
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Sweet,  E.  Method  of  liardening  iron  and  steel.  U.  S.  Pat.  1121572. 
1914.  (In  Official  Gazette,  Vol.  209,  p.  1014).  By  heating  to  a 
red  heat  in  a  bath  of  molten  KCN  with  addition  of  animal  char- 
coal and  by  quenching  in  oil  after  removal  from  the  molten  ma- 
terial   . 

Thomas,  J.  J.  Hardness  tests:  relation  between  Brinell  ball  test  and 
scleroscope  readings.  1914.  (In  Proceedings  American  Society  for 
Testing  Materials,  Vol.  14,  II,  p.  72-5.  Abstracted  Mechanical 
Engineer,  Vol.  34,  p.  92).  Illustrated  by  means  of  curves.  Tests 
were  carried  out  on  chrome-nickel  steel,  nickel  steel,  carbon  steel, 
bronze,  cast  iron  and  aluminum.  The  scleroscope  readings  vary 
more  with  the  different  metals  or  even  in  the  same  metal  than 
the   ball  tests. 

Vicker.  Hardening  steel.  1914.  (In  Chemical  Abstracts,  Vol.  8,  p. 
56.  Abstracted  Vicker!s  French  Pat.  453235,  1913).  By  means  of 
the   flame   of  an   C2H;  blast  at  about   750   degrees   Cent. 

Wright,  A.  P.  Use  of  chemicals  in  hardening  of  metals.  1914.  (In 
Metal  Industry,  Vol.  12,  n.  s.,  p.  384).  Short  note.  Antimony  is 
recomm.ended  for  hardening  metals  in  general,  sulphur  for  hard- 
ening  lead   and   tin. 

Wuesler,  G.  Machine  for  hardening  steel.  U.  S.  Pat.  1118723.  1914. 
(In  Official  Gazette,  Vol.  208,  p.  1257).  Comprising  a  tank  for 
the  hardening  liquid  with  connections  for  supplying  and  controlling 
an  air  pressure,  a  cylinder  with  a  movable  head  and  a  support  for 
the  metal  to  be  hardened  under  pressure,  means  for  limiting  the 
movement  of  the  head,  and  means  for  collecting  the  liquid  dis- 
charged. 


1915 

Abbott,  R.  R.  Relation  between  maximum  strength,  Brinell  hardness 
and  scleroscope  hardness  in  treated  and  untreated  alloy  and  plain 
steels.  1915.  (In  Proceedmgs  American  Society  for  Testing  Ma- 
terials, Vol.  15,  pt.  2,  p.  42-61).  Results  obtained  on  carbon,  nickel, 
chrome-vanadium,  high  chrome-nickel,  and  low  chrome-nickel  steels 
are    considered. 

A.  S.  B.  The  testing  of  materials  by  means  of  the  scleroscope.  1915. 
(In  Automobile  Engineering,  Vol.  5,  p.  223-5.  Abstracted  Journal 
Iron  and  Steel  Institute,  Vol.  92,  p.  307).  Deals  with  the  testing 
of  mild  Siemens-Martin  and  Bessemer  steel,  of  tool  steel,  hign- 
speed     steel,     case     hardened     parts,     bronzes,     copper,     brass,     etc. 
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Brown,  S.  L.  Process  of  hardening  iron,  U.  S.  Pat.  1190568.  1915. 
(In  Official  Gazette,  Vol.  214,  p.  1111).  By  heating  it  to  a  white 
heat  and  their   immersing   it   in   boiling   NaCl   for   a  short   time. 

Cain,  P.  H,  Factors  in  the  heat  treatment  of  steel.  1915.  (In  Rail- 
way Master  Mechanics,  Vol.  39,  p.  127-9).  Contains-  brief  note 
on    hardening    and    tempering    of    tool    steel. 

Chapman,    R.    W.     Demonstration    of    strain-hardening  of    steel.     1915. 

(In    Nature,    Vol.    94,    p.    589.     Abstracted    Journal  Iron    and    Steel 

Institute,    Vol.    92,    p.    306).     A    photograph    shows  the    changes    in 
the  side  of  a  steel  bar  due  to   strain. 

Comparison  of  hardness  testing  apparatus.  1915.  (In  Machinery,  Vol. 
21,  p.  364).  The  Shore  scleroscope  test  is  compared  with  the 
Brinell    hardness    test. 

Effect  of  duration  of  drawing  on  physical  properties  of  hardened  nickel 
steel.  1915.  (In  Tests  of  Metals,  p.  191-203).  Data  are  given 
on  Brinell  hardness  after  drawing  and  quenching  of  hot  rolled 
nickel  steel  containing  3.19  per  cent  of  nickel.  It  is  shown  that 
Brinell  hardness  of  water  cooled  steel  is  higher  than  when  air 
cooled. 

Effect  of  carbon  on  the  physical  properties  of  heat-treated  carbon 
steel.  1915.  (In  Tests  of  Metals,  p.  204-23).  Composition  of 
the  steel  is  given  and  results  of  Brinell  hardness  tests  are  sum- 
marized   in    the    accompanying    tables. 

Edwards,  C.  A.  and  Kikkawa,  H.  Effect  of  chromium  and  tungsten 
upon  the  hardening  and  tempering  of  high-speed  tool  steel.  1915. 
(In  Journal  Iron  and  Steel  Institute,  Vol.  92,  p.  6-45.  Conclu- 
sions of  this  paper  in  Engineering,  Vol.  120,  p.  313-4).  Results 
of  hardness  tests  are  tabulated.  It  is  stated  that  the  greatest 
hardness   is    associated   with   the    high   volume. 

Evans,  G.  S.  Testing  the  hardness  of  iron  castings.  1915.  (In  Iron 
Age,  Vol.  96,  p.  8-10.  Abstracted  Journal  Iron  and  Steel  Institute, 
Vol.  93,  p.  372).  Two  types  of  testing  attachments  are  shown: 
One  for  use  with  a  Riehle  universal  machine  and  the  other  with  a 
Tinius  Olsen  transverse  testing  machine.  Method  of  determining 
hardness   by    the    Ball    impression   test    is    described. 

Examination  of  aluminum  bronze.  1915.  (In  Tests  of  Metals,  p. 
244).  The  Brinell  hardness  of  commercial  aluminum  bronze  con- 
taining 89.11  per  cent  of  copper,  10.0  per  cent  aluminum,  and 
0.94    per    cent    iron    was    found    equal    to    144. 

Friedmann,  H.  Tool  for  hardness  tests.  1915.  (In  Iron  Trade  Re- 
view, Vol.  57,  p.  899).  Illustrated  description  of  a  small  drilling 
machine. 
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Hanley,  W.  Treatment  of  special  steels.  1915.  (In  Practical  Engi- 
neering, Vol.  52,  p.  136-7).  Contains  brief  note  on  hardness  of 
nickel  steels  and  table  giving  Brinell  hardness  for  steel  containing 
3  and  5  per  cent  of  nickel. 

Haerten     Kleiner     Stahlstuecke.     1915.     (In     Elektrochemische     Ztschr., 
Vol.   22,   p.   66-7.     Abstracted    Chemical   Abstracts,    Vol.   9,    p.   2374). 
*  Recommends  a  water  bath   covered  with  oil  for  hardening  of  small 

steel  pieces. 

Howe,  H.  M.  Hardening  with  and  without  Martensitization.  1915. 
(In  Transactions  Faraday  Society,  Vol.  10,  p.  265-70.  Engineering, 
Vol.  99,  p.  87-9.  Abstracted  Journal  Iron  and  Steel  Institute,  Vol. 
91,  p.  584).  Discusses  the  amorphous  theory  of  the  hardening  of 
steel  by  rapid  cooling  and  the  influence  of  the  rate  of  cooling  on 
the    hardness    of    Hadfield's    manganese    steel. 

Hydraulic  hardness  testing  machine.  1915.  (In  Chemical  and  Met- 
allurgical Engineering,  Vol.  13,  p.  646.  Abstracted  Chemical  Ab- 
stracts, Vol.  9,  p.  3208).  Working  on  the  Brinell  principle  of  mak- 
ing indentations  in  the  metal  and  measuring  the  width  of  the  same 
by    a    special   microscope. 

McFarland,  D.  F.  and  Harder,  O.  E.  Alloys  of  chromium,  copper 
and  nickel.  1915.  (In  Transactions  American  Institute  Metals, 
Vol.  9,  p.  119-44).  Contains  a  note  on  hardness  tests,  with  hard- 
ness numbers  increasing  w^ith  increase  of  chromium  and  table 
giving    Brinell    hardness    numbers    for    a    series    of    alloys. 

McLarty.  Iron,  copper,  etc.  1915.  (In  Chemical  Abstracts,  Vol.  9, 
p.  1297.  Abstract  of  McLarty's  Brit.  Pat.  27141,  1913).  Harden- 
ing, preserving  from  oxidation  by  subjecting  them  to  the  action 
of  gases  and  vapors  produced  by  heating  a  mixture  of  H2O,  hydro- 
carbons, carbohydrates,  etc.  Free  oxygen  may  be  withdrawn  be- 
fore   treatment. 

McWilliam,  A.  and  Earners,  E.  J.  Brinell  hardness  and  tenacity  fac- 
tors of  a  series  of  heat-treated  special  steels.  1915.  (In  Journal 
Iron  and  Steel  Institute,  Vol.  91,  p.  125-39).  Tests  were  carried 
out  with  chromium-steels,  nickel  steels,  vanadium  steels.     Discussion. 

Mathews,  J.  A.,  and  Stagg,  H.  J.  Factors  in  hardening  tool  steel. 
1915.  (In  Journal  American  Society  Mechanical  Engineers,  Vol. 
i7,  p.  141-7.  Abstracted  Journal  Iron  and  Steel  Institute,  Vol.  91. 
p.  582-3).  Considers  time  of  heating,  speed  of  quenching,  hard- 
ness as  affected  by  mass,  time  and  degree  of  drawing,  temper, 
furnaces  and  methods  of  heating.  Results  of  tests  are  given  as 
curves. 
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Meneghini,  D.  Hardness  tests  of  copper-zinc  alloys.  1915.  (In  Iron 
Trade  Review,  Vol.  57,  p.  1240).  Gives  the  arrangement  and  il- 
lustration of  an  apparatus  operating  under  a  slight  pressure  ex- 
ercised by  a  ball  of  small  diameter.  Tabulated  results  of  hard- 
ness   tests    on    copper    zinc    alloys. 

Olsen,  T.  Machine  for  testing  hardness.  U.  S.  Pat.  1141881.  1915. 
(In  Ofhcial  Gazette,  Vol.  215,  p.  277).  Including  means  for  ap- 
plying a  load   to  a  piece   under   test. 

Portevin,  A.  L'essai  a  la  bille  sur  les  metaux  et  alliages  bruts  de 
coulee.  1915.  (In  Revue  de  Metallurgie,  Memoirs,  Vol.  12,  p. 
95-100.  Abstracted  Journal  Iron  and  Steel  Institute,  Vol.  92,  p. 
306-7).  Brinell  hardness  test  on  metals  and  alloys  in  rough-cast 
condition.  Causes  of  irregular  results  often  met  with.  Results 
of    Ball    tests    on    bronze,    brass. 

Portevin,  A.  Shape  of  impression  by  falling  ball.  (Comptes  Rendus. 
Vol.    160.   p.   344-6). 

Schulz,  E.  H.  Die  \"olumen  und  Formanderungen  des  Stables  beim 
Harten.  1915.  (In  Ztschr.  Ver.  d.  Ingen.,  Vol.  59,  p.  66-71,  112- 
6.  Abstracted  Iron  Age,  Vol.  95,  p.  1399-1402).  On  the  changes 
in  volume  and  shape  taking  place  in  steel  with  hardening.  Analysis 
of    steels    used    in    investigation    and    hardness    tests. 

Shepard  &  Porter.  Hardness  tests  of  cold-rolled  steel.  1915.  (In 
American  Machinist,  Vol.  42,  p.  277-8.  Abstracted  Journal  Iron 
and  Steel  Institute,  Vol.  91,  p.  597,  1915).  Determines  the  rela- 
tion between  the  ultimate  tensile  strength  of  cold-rolled  steel  and 
the  hardness  number  as  found  by  the  Brinell  and  scleroscope  tests. 
Author  believes  that  the  Brinell  hardness  test  gives  more  valuable 
results  in  determining  the  ultimate  tensile  strength  than  the  sclero- 
scope   test. 

Skillmann,  V.  Brinell  hardness-testing  of  nonferrous  alloys.  1915. 
(In  Foundry,  Vol.  43,  p.  111-2).  Describes  method  of  testing 
hardness  by  scratching,  the  Brinell  test.  Tables  show  hardness 
of  various  phosphor  bronze  alloys  of  gun  bronze,  manganese 
bronze   and   of   some    common   alloys   as   white   brass,   babbitt,    etc. 

Turpin.  Essais  de  durete  executes  avec  un  appareil  a  main.  1915.  (In 
Revue  de  Metallurgie,  Memoirs,  Vol.  12,  p.  104-12.  Abstracted 
Iron  Age,  Vol.  96,  p.  923).  A  simple  hand  device  adapted  to  de- 
termining hardness  with  a  satisfactory  degree  of  accuracy.  Method 
of   carrying  out   tests   and   of   calculating  the   results   is   given. 
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Uber  den  Harteversuch  an  Automobil  Konstruktion  Stahl.  1915.  (In 
Autom.-Rundschau,  Vol.  14,  p.  119-20).  Hardening  of  steel  by 
heat    treatment. 

White.  Hardening  copper,  1915.  (In  Chemical  Abstracts,  Vol.  9,  p. 
2220.  Abstract  of  White's  French  Pat.  467583,  1914.)  By  heat- 
ing it  to  redness  or  whiteness,  plunging  it  for  a  short  time  into  a 
hardening  bath  of  milk  of  Hme  with  additions  of  vegetable  ex- 
tracts,   and    then    hammering    it. 


1916 

Abbott,  R.  R.  Heat  treatment  of  automobile  steels.  1916.  (In  Bulle- 
tin Society  of  Automotive  Engineers,  Vol.  11,  p.  32-44).  Paper 
and  discussion  containing  a  brief  note  on  hardening  near  critical 
points. 

Arnold,  J.  O.  Note  on  the  relations  between  the  cutting  efficiencies  of 
tool  steel  and  their  Brinell  or  scleroscope  hardness.  1916.  (In 
Journal  Iron  and  Steel  Institute,  Vol.  93,  p.  102-13.  Abstracted 
Iron  Age,  Vol.  97,  p.  1207).  States  that  the  Brinell  hardness  of 
a    properly    hardened    tool    is    a    negligible    factor    of    efficiency. 

Automatic  steel  hardening  and  tempering  machine.  1916.  (In  Ma- 
chinery, Vol.  22,  p.  998-9).  Designed  to  provide  for  automatically 
and  uniformly  hardening  and  tempering  steel  product,  especially 
small    thin    pieces. 

Bray,  N.  H.  Process  of  Carburizing  and  hardening  metals.  U.  S.  Pat. 
1207848.  1916.  (In  Official  Gazette,  Vol.  2^3.  p.  412).  By  heat- 
ing the  metal  to  a  highly  absorbent  degree  with  an  acetylene  flame. 

Brinell  hardness  perpendicular  to  and  in  the  direction  of  forging  or 
roHing.  1916.  (In  Tests  of  Metals,  p.  123-7).  Cold  rolled,  ma- 
chined,   forged    steel    samples    were    tested. 

Brinell  meter  for  hardness  tests.  1916.  (In  Machinery,  Vol.  22,  p. 
818).  Description  of  the  Brinell  meter  of  the  Standard  Roller 
Bearing    Co. 

A    convenient    hardness    measuring    instrument.     1916.  (In     Iron     Age, 

Vol.   97,  p.   1195).     Known  as   the   "Brinell  meter"  designed   to   give 

accurate    results    independent    of    the    dimensions,  shape    and    loca- 
tion  of  the   material   tested. 
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Friedmann,  H.  Testing  nonferrous  metals  for  hardness  1916.  (In 
Machinery,  Vol.  22,  p.  1026-8).  Applications  of  the  Brinell  method 
in  regulating  methods  of  manufacture.  Tables  with  hardness  tests 
of    aluminum   sheets,    copper    sheets,    etc. 

Fry,  L.  H.  What  is  heat  treated  steel?  1916.  (In  Railway  Mechani- 
cal Engineer,  Vol.  90,  p.  335-7).  Deals  briefly  with  hardness  pro- 
duced   by    heat    treatment. 

Hadfield,  R.  A.  Memorandum  on  hardness.  1916.  (In  Proceedings  In- 
stitute Mechanical  Engineers,  Oct. -Dec.  p.  707-11).  Criticizes  the 
methods   of  measuring   hardness. 

Hardness.  1916.  (In  Tests  of  Metals,  p.  31-2).  Description  of  hard- 
ness tests  carried  out  with  2  brass  bars  of  different  composition  as 
received,    and    after    compression,    annealing    and    cold    work. 

Hardening  high-speed  steel.  1916.  (In  Iron  Trade  Review,  Vol.  59, 
p.   270).     Directions    of   the    Vanadium- Alloys    Steel    Co.,    distributed 

for   hardening   high-speed    steel. 

Hardness  tests  for  metals.  1916.  (In  Times  Engineering  Supplement, 
Vol.  12,  no.  504,  p.  164).  Description  of  the  Brinell  test,  the  Shore 
scleroscope,  the  limitations  of  all  hardness  tests  and  applications 
of  hardness  tests  to  plain  carbon  steel,  carbon,  tungsten,  chrome, 
vanadium    steel. 

Howe,  H.  M.  and  Levy,  A.  G.  Notes  on  the  hardening  and  tempering 
of  eutectoid  carbon  steel  and  on  the  Shore  test.  1916.  (In  Proceedings 
of  the  19th  meeting  of  the  American  Society  Testing  Materials, 
Vol.  16,  pt.  2,  p.  5-52.  Abstracted  Iron  Trade  Review,  Vol.  59, 
p.  372).  Showing  the  influence  of  the  quenching  temperature  and 
of  the  temperature  and  time  of  tempering  on  the  hardness  and  on 
the  microstructure  of  quenched  (hardened)  steel  containing  0.92 
per  cent  carbon.  It  records,  further  certain  preliminary  studies 
of  the  Shore  scleroscope  test.  Results  of  numerous  hardness  tests 
are   tabulated. 

Improvements  in  the  technique  of  Brinell  hardness  determinations. 
1916.  (In  Chemical  and  Metallurgical  Engineering,  Vol.  14,  p. 
611-2.  Abstracted  Chemical  Abstracts,  Vol.  10,  p.  2342-3).  The 
Brinell  method  is  made  independent  of  the  dimensions,  shape  and 
location  of  the  metal  mass.  The  "sampling  error"  in  cutting  speci- 
mens   for    tests    is    eliminated. 
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Latest  improvements  in  Brinell  hardness  testing  machines.  1916.  (In 
Chemical  and  Metallurgical  Engineering,  Vol.  14,  p.  58-60).  A 
direct-reading  depth  gauge  is  carried  by  the  Scimatco-Brinell  ma- 
chine and  gives  correct  indications  to  1/100  of  a  millimeter  indepen- 
dent of  the  shape  of  the  test  piece. 

McFarland,  D.  F.,  and  Harder,  O.  E.  Preliminary  study  of  the  al- 
loys of  chromium,  copper  and  nickel.  1916.  (In  University  lUiiwiis 
Bulletin  No.  93,  66  pp.  Engineering  Experimental  Station).  P. 
16-8:  Brinell  hardness  number  tests  were  made  on  numerous  al- 
loys of  varying  composition  and  on  some  pure  metals  and  results 
are   tabulated. 

Moore,  R.  W.  E.,  and  Edgecomb,  H.  R.  Hardness  testing  apparatus 
and  method.  U.  S.  Pat.  1192670.  1916.  (In  Official  Gazette,  Vol. 
228,  p.  1357).  Method  of  testing  metals  by  means  of  a  machine 
forming    surface    indentations. 

Report  of  the  Hardness  Tests  Research  committee.  1916.  (In  Pro- 
ceedings Institute  of  Mechanical  Engineers,  Oct. -Dec,  p.  677-701. 
Engineering,  Vol.  102,  p.  556-8,  597-9).  Detailed  description  of 
experiments  made  at  the  National  Physical  laboratory,  on  hardness 
with  analysis  of  various  methods  for  hardness  determination.  Re- 
sults of  tests  on  hardness  of  different  steels  and  bronze.  Relation 
between    hardness   and    resistance    to   wear. 

Portable  hydraulic  hardness  testing  machine.  1916.  (In  Chemical  and 
Metallurgical    Engineering,    Vol.    14,    p.    612).     Illustrated    note. 

Richardson,  C.  E.  Artificial  gas-fired  furnace  installation.  1916.  (In 
Journal  Industrial  and  Engineering  Chemistry,  Vol.  8,  p.  911-4. 
Abstracted  Journal  Iron  and  Steel  Institute,  Vol.  95,  p.  378).  Il- 
lustrated  description   of  hardening  furnaces. 

Ricolfi,  F.  1916.  (In  Metallurgia  Italiana,  Vol.  8.  p.  690-9.  Ab- 
stracted Journal  Iron  and  Steel  Institute,  Vol.  95,  p.  400).  Dis- 
cusses the  application  of  the  Brinell  method  of  hardness  testing 
for   controlling   the   manufacture   and    treatment    of   projectiles. 

Stanton,  T.  E.  and  Batson,  R.  G.  Report  of  committee  on  hardness 
tests.  Quite  comprehensive — gives  description  of  different  methods. 
(Proceedings  Institute  Mechanical  Engineers,  Oct. -Dec,  pp. 
677-723). 
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Thomas,  W.  N.  A  few  experiments  on  the  hardness  testing  of  mild 
steel.  1916.  (In  Journal  Iron  and  Steel  Institute,  Vol.  93,  p. 
255-69).  Carried  out  in  order  to  show  the  effect  of  time  upon  the 
determination  of  Brinell's  hardness  number,  the  relation  between 
the  applied  pressure  and  the  area  and  the  diameter  of  the  im- 
pression, the  influence  upon  the  "hardness  factor"  of  the  work 
done  upon  the  specimen  during  application  of  the  load  and  to 
consider    the    effect    of    the    thickness    of    the    specimen. 

Turner,  T.  Hardening  and  annealing  of  metals.  1916.  (In  Journal 
Chemical  Metallurgical  and  Mining  Society  So.  Africa,  Vol.  17,  p. 
61-6).  Deals  briefly  with  cold  working  of  metals  and  its  influence 
on   hardness. 

Unwin,  W.  C.  Memorandum  on  tests  of  hardness  and  resistance  to 
wear.  1916.  (In  Institute  Mechanical  Engineers.  Oct.-Dec,  p.  701- 
5).  Describes  briefly  Turner  scratch  test,  the  indentation  methods, 
the  Brinell  hardness  test,  the  Shore  scleroscope,  and  the  relation 
between    hardness    and    resistance    to    abrasion    or    wear. 

Van  Deventer,  J.  H.  Hardening  and  softening  steels.  1916.  (In  Ma- 
chinery World,  Vol.  60,  p.  15-6).  Describes  briefly  methods  of 
heating   for   hardening   and   tempering. 

Vickers   &   Smith.     Apparatus    for    determining    the    hardness    of   a   body. 

1916.  (In  Journal  Society  Chemical  Industry,  Vol.  35,  p.  895. 
Abstracted  Vickers  &  Smith's  Eng.  Pat.  11936,  1915).  By  caus- 
ing a  hard  steel  ball  by  a  single  blow  of  a  hammer  to  make  im- 
pressions simultaneousK-  on  a  bar  of  standard  hardness  and  on 
the   surface   to   be   tested. 

1917 

Anderson,  R.  J.     Notes  on  the  heat  treatment  of  high-speed  steel  tools. 

1917.  (In  Bulletin  Transactions  American  Institute  Mining  En- 
gineers, Mar.,  p.  408-15).  Discusses  the  paper  of  Bellis  and  Hardy 
on  heat  treatment  of  high-speed  steel  and  suggests  to  harden  by 
heating   under    close    pj-rometric    control. 

Bellis,  A.  E,,  and  Hardy,  T.  W.  Notes  on  the  heat-treatment  of  high- 
speed steel  tools.  1917.  (In  Transactions  American  Institute  Min- 
ing Engineers,  Bulletin  Jan.,  p..  61-8).  Experiments  on  hardening 
of  high-speed  steel  in  which  metallographic  means  were  used  to 
determine  the  correct  hardening  temperatures.  Numerous  micro- 
graphs   of  steel   hardened   at   different   temperatures. 

Brayshaw  &  Yates.  Hardening  and  tempering  furnaces.  1917.  (In 
Mechanical   Engineer.   London,   Vol.   39,   p.    108.   -j-   Abstracted  Jour- 


1923  HARDNESS  TESTING  BIBLIOGRAPHY  525 

nal    Iron   and    Steel    Institute,   Vol.   95,   p.    378).     Illustrated    descrip- 
tion of  a  furnace  for  hardening  and  tempering  steel. 

Burton,  W.  L.  The  hardening  of  steel.  1917.  (In  Mining  and  Engi- 
neering Review,  Vol.  9,  p.  292-5).  Deals  with  the  heat  treatment 
and  its  influence  on  the  composition  and  hardness  of  steel.  Gives 
results    of    hardening    trials    of    steel    bars. 

Chubb,  T.  W.  Recent  British  hardness  tests  of  engineering  materials. 
1917.  (In  American  Machinist,  Vol.  46,  p.  138).  It  was  concluded 
that  "the  Brinell  hardness  numbers  of  a  miscellaneous  selection 
of  steel  are  not  a  safe  guide  in  predicting  their  relative  resistance 
to    wear." 

Constitution    et    durete    des    alliages    cuivre-aluminum    riches    en    cuivre. 
1918.     (In    Metallurgie.    Vol.    50,    No.    45,    p.    1631-3).     Effect    of    tem- 
pering  temperature    on    hardness    of   alloys    containing    9-16    per    cent 
of    aluminum.     Results    of    Brinell    and    scleroscope    hardness    tests 
are   tabulated. 

Davis,  E.  F.  Lead  hardening.  1917.  (In  Gas  Age,  Vol.  40,  p.  307-10). 
On  the  use  of  a  lead  bath  for  steel  hardening.  The  furnaces  used 
in    lead    hardening. 

Davis.  Testing  of  sheet  brass.  1917.  (In  Proceedings  American  So- 
ciety for  Testing  Materials,  Vol.  17,  2,  p.  164-98).  Brinell  and 
scleroscope  tests  were  made  and  results  tabulated.  Brinell  hard- 
ness tests  of  annealed  and  hard  rolled  metal  do  not  vary  appre- 
ciably with  the  thickness  of  the  metal.  Scleroscope  and  Brinell 
tests  are  found  to  be  unsatisfactory  on  metals  below  a  certain  limit 
of  thickness. 

Ehlers,  W.  A.  Heat  treatment  of  metals.  1917.  (In  Industrial  Man- 
agement, Vol.  53,  p.  17-28).  Describes  the  process  of  hardening, 
temperatures  to  be  maintained  and  the  use  of  salt  solutions  in  hard- 
ening. Describes  and  illustrate  a  heating  machine  for  continuous 
hardening  and  annealing  with  automatic  heat  controller  and  reg- 
ulator. 

Electrical  method  of  hardening  steel.  1917.  (In  Engineering,  Vol.  124, 
p.    82-3).     Description    of    the    Wild-Barfield    patented    process. 

Grenet,   L.     The   penetration    of    the    hardening  effect    in    chromium    and 

copper    steels.     1917.     (In    Journal    Iron    &  Steel    Institute,    Vol.    95. 

p.    107-17).     Experiments    have    been    made  on    crucible    steels    from 
Firminy.     Results    are    tabulated. 

Guillery.  Hardness  tests.  1917.  (In  Comptes  Rend.  Vol.  165.  p. 
468-71.   -|-  Abstracted   Chemical  Abstracts,   Vol.    12,   p.  266.     Journal 
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Iron  and  Steel  Institute,  Vol.  97,  p.  537.  Journal  American  So- 
ciety Mechanical  Engineers,  Vol.  39,  p.  1035-6).  Indicates  a  source 
of  error  in  making  rapid  Brinell  tests  and  method  by  which  the 
error  can  be  eliminated.  Gives  the  mechanical  arrangement  used 
in  carrying  out  tests  and  data  of  tests  on  various  materials  as  mild 
steel,  medium  steel  and  nickel-chrome  steel. 

Hampson,  D.  A.  How  to  avoid  cracks  in  hardening.  1917.  (In 
American  Machinist,  Vol.  47,  p.  280).  Suggests  to  use  one  brand 
of   steel    to    avoid    losses   in    hardening,    to    heat    slowly,    etc. 

Hardness  testing  machine.  1917.  (In  Machinery,  Vol.  24,  p.  177). 
The  "Scimatco"  Brinell  hardness  testing  machine  is  provided  with 
a    hydraulic    press    and    a    standard    hardened    steel    ball. 

Hatfield,  W.  H.  Steels  used  in  airplane  work.  1917.  (In  Automotive 
Industry,  Vol.  37,  p.  507-9).  Heat  treatment  and  their  effects  on 
hardness    of   various    steels,    case-hardening,    air-hardening. 

Knight,  W.  On  testing  materials.  1917.  (In  Machinery,  Vol.  24,  p. 
201-3).  Notes  on  the  interpretation  of  results  obtained  from  va- 
rious tests.  Discusses  the  Brinell  hardness  test,  the  scleroscope 
method. 

Lake,  E.  F.  Alloy  or  carbon  steels  versus  carburized.  1917.  (In  Me- 
chanical World,  Vol.  62,  p.  3-4,  18).  Briefly  deals  with  hardness 
of  carburized  steel. 

Ludwik,  P.  The  hardness  of  alloys.  1917.  (In  Ztschr.  Ver.  deut.  Ing., 
p.  547-54.  Engineering,  p.  444-5,  Vol.  104.  Abstracted  Journal 
Society  Chemical  Industry,  Vol.  36,  p.  1180,  Journal  Iron  and  Steel 
Institute,  Vol  97,  1918,  p.  537).  Varying  quantities  of  diflferent 
.  metals  were  added  to  copper,  tin,  lead,  zinc,  and  aluminum,  and 
the  hardness  of  the  resulting  alloys  was  ascertained  by  the  Brinell 
test. 

New    hardness    measuring    instrument.     1917.     (In    Iron    Age,    Vol.    100, 
^"        p.    1119.     Abstracted    Chemical    Abstracts,    Vol.    12,    p.    243).     Illus- 
trated   description    of    an    apparatus    based    on    the    Brinell    principle 
and   having  a  steel   ball,    which   is   pressed   into   the    specimen   by   a 
hydraulic-  piston.    ■ 

f,,^ojjjyel  appar^il  poiw  .I'essai  tie  durete  des  metaux  a  la  bille  de   Brinell. 

;:ii  ,  1917.  (In  Genie  Civil,  Vol.  71,  p.  265-6).  New  apparatus  for 
testing  hardness  by  means  of  the  Brinell  method.  Length  of 
time    required    to    carry    out    the    test    is    reduced. 

Parker,  S.  W.  Mayari  and  nickel  steels  compared.  1917.  (In  Iron 
Age,   Vol.   99,   p.    1380-1).     Description   of   the   heat   treatment;    table 
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giving  results  of  hardness  tests  of  Mayari  and  nickel  steel  quenched 
in  water  from  800  degrees  Cent,  and  drawn  at  various  tempera- 
tures. The  Mayari  steel  drawn  at  the  same  temperature  has 
considerably    greater    hardness    than    the    nickel    steel. 

Parker,  S.  W.  Properties  and  structure  of  nickel  steel.  1917.  (In 
Iron  Age,  Vol.  100,  p.  67-9).  Shows  the  influence  of  annealing 
at  between  125-1450  on  nickel  steel  of  0.22  and  0.41  per  cent  of 
carbon. 

The  Pellin  hardness-testing  apparatus,  a  French  device.  1917.  (In 
Iron  Age,  Vol.  99,  p.  1247).  It  is  based  upon  the  Brinell  dynamic 
method  and  has  been  designed  for  hardness  testing  of  different 
metals. 

Pierce,  E.  H.  Hardness  of  hard  drawn  copper.  1917.  (In  Proceedings 
American  Society  Testing  Materials,  Vol.  17,  2,  p.  114-21).  Brinell 
hardness  tests  were  made  both  on  the  surface  and  at  various 
points  in  the  cross-section.  It  is  concluded  that  hard-drawn  cop- 
per wire  is  equally  affected  throughout  its  mass  and  that  the  con- 
ception  of  a   hard,   exterior   "skin"   is  erroneous. 

Pyromagnetic  indicator.  1917.  (In  American  Machinist,  Vol.  47,  p. 
83).  For  indicating  the  critical  point  on  steel  parts  being  heated 
for   hardening. 

The  quality  of  hardness.  1917.  (In  Engineering,  Vol.  124,  p.  295-6). 
Editorial  on  Professor  Turner's  paper  on  "Hardness  and  Hard- 
ening." :o ,         ,.. ..-: 

Robin,  M.  F.  Mesure  de  la  durete  par  penetfat1oft''3'une  molette.  1917. 
(In  Soc.  d'Encourag.  pour  I'lnd.  Nationale,  Bull.  127,  p.  233-9. 
Abstracted  Journal  Iron  and  Steel  Institute,  Vol.  97,  1918,  p.  536-7). 
Results  of  an  investigation .  on  hardness  measurements  by  peiietra- 
tion  of  a  circular  knife-edge  cutter.  .  For  measuring  the  hardness 
of  steel  the  method  is  thought  to  give  more  exact  results  than  the 
ball   pressure   test. 

Thompson,  J.  Hardening  high-speed  steel.  .  1917.  (In  American  Ma- 
chinist, Vol.  46,  p.  344).  Short  note  on  temperature  to.  be  main- 
tained in  hardening  process.  , 

Turner,  T.  Hardness  and  hardening.  1917.  (In  Journal  Institaite  of 
Metals,  Vol.  18,  2,  p.  87-99.  Engineering,  Vol.,  124,  j).  254-d). 
Definition  and  measuremenf  of  -  tiardne|S.  Hardening  of  pure 
metals  by  alloying,  cold  work  and'ijy  chilling.  Hardness  of  cop- 
per,   zinc,  alloys,   etc.  .■~^-  -- ...-,•        - 

Uranium  steel.  1917.  (In  Tests  of  Metak-,  p.  104-5):  -Brinell  hard- 
ness  of   three   indifferent   makes   of  iifanium    steel. 
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Waldo,  L.  Apparatus  for  testing  the  hardness  of  metals.  U.  S.  Pat. 
1228503.  1917.  (In  Official  Gazette,  Vol.  239,  p.  44.  Abstracted 
Chemical  Abstracts,  Vol.  11,  p.  2188).  A  plummet  with  a  conical 
impression  point  is  allowed  to  fall  upon  the  material  to  be  tested 
to   determine   its  hardness. 

1918 

Apparatus  for  testing  the  hardness  of  metals,  1918.  (In  Journal  So- 
ciety Chemical  Industry,  Vol.  37,  p.  285A.  Abstract  of  Reid  and 
Brown's  Eng.  Pat.  114593,  1917).  By  indentation  with  a  ball  or 
other  known  weight.  The  amount  of  indentation  is  measured  op- 
tically. 

Appliances  for  ascertaining  the  hardness  of  metals  and  other  solid 
materials.  (In  Journal  Society  Chemical  Industry,  Vol.  36,  p. 
980.  Abstract  of  Eng.  Pat.  107685,  1916).  By  the  depth  of  in- 
dentation in  the  material  caused  by  the  predetermined  pressure  of 
a    hardened    ball. 

Avery  &  Dobson.  Hardness  testing  machine.  1918.  (In  Journal  So- 
ciety Chemical  Industry,  Vol.  37,  p.  533A.  Abstract  of  Avery  & 
Dobson's  Eng.  Pat.  117526,  1917).  By  indentation  of  the  speci- 
men with  a  steel  ball.  The  indicating  mechanism  consists  of  a 
pendulum    or    spring   balance. 

Ayers,  J.  G.  A  new  method  of  obtaining  Brinell  hardness.  1918.  (In 
Automotive  Industry,  Vol.  39,  p.  457.  Proceedings  American  So- 
ciety for  Testing  Materials,  Vol.  18,  No.  2,  p.  461-5).  An  impact 
substituted  for  a  steady  pressure  to  reduce  the  time  required  for 
applying    the    test. 

Bassett,  W.  H.  and  Davis,  C.  H.  A  comparison  of  grain  size  measure- 
ments and  Brinell  hardness  of  cartridge  brass.  (Transactions 
American    Institute    Mechanical    Engineer,    Vol.    60,    p.    428). 

Batson,  R.  G.  C.  Value  of  the  indentation  method  in  the  determina- 
tion of  hardness.  1918.  (In  Proceedings  Institute  Mechanical 
Engineers,  Vol.  Oct.-Dec,  p.  463-83.  Abstracted  Journal  Society 
Chemical  Industry,  Vol.  37,  p.  703A).  Deals  with  indentation 
produced  by  a  static  load  and  by  the  impact  of  a  ball  or  cone. 

Batson,  R.  G.  C.  Value  of  the  indentation  method  in  the  determina- 
tion of  hardness.     (Engineering,   Oct.  25,    1918,   p.  475). 

Boyelle-Morins.  Testing  or  determining  the  hardness  of  metals  and 
other  substances.  1918.  (In  Journal  Society  Chemical  Industry, 
Vol.   37,   p.   76-7A.     Abstract   of    Boyelle-Morins    Eng.    Pat.    108460, 
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1917).  By  comparison  of  the  indentations  produced  in  the  sub- 
stance and  in  a  body  of  standard  hardness  by  the  pressure  of  a 
hardened  steel  ball  or  the  like. 

Brayton,  H.  M.  Tensile  strength  and  hardness  of  steel.  1918.  (In 
Iron  Age,  Vol.  102,  p.  627-9.  Abstracted  Journal  Iron  and  Steel 
Institute,  Vol.  98,  p.  492).  Considers  the  relation  between  tensile 
strength  and  Brinell  and  scleroscope  hardness.  Their  relation 
shown  by  means  of  graphical  charts.  One  being  known,  the  other 
can    be   easily   ascertained    without    recourse    to    tests. 

Chattaway.  Machine  for  testing  the  hardness  of  metals.  1918.  (In 
Journal  Society  Chemical  Industry,  Vol.  37,  p.  226A.  Abstract  of 
Chattaway's  Eng.  Pat.  114126,  1917).  By  forcing  a  hardened  ball 
against  the  article  and  by  estimating  the  hardening  from  the  diame- 
ter  of   indentation. 

Cooke,  C.  J.  B.  Testing  hardness  of  metals  by  the  Boyelle-Morin  ap- 
paratus. 1918.  (In  Proceedings  Institute  Mechanical  Engineers, 
Jan. -May,  p.  331-3.  Abstracted  Chemical  Abstracts,  Vol.  13,  p. 
1206).  Illustrated  description  of  a  portable  apparatus  which  can 
be  used  upon  castings  or  forgings  and  consisting  of  a  tube  carry- 
ing a  hardened  steel  ball.  By  striking  a  blow  with  a  hammer,  in- 
dentations are  produced  upon  the  object  to  be  tested  and  upon 
a   piece   of  metal   of   known   Brinell   hardness. 

Craggs,  J.  W.  Notes  on  testing  hardness  of  metals.  1918.  (In  Jour- 
nal Society  Chemical  Industry,  Vol.  2,7,  p.  43T-48T).  (Abstracted 
Journal  Iron  and  Steel  Institute,  Vol.  97,  p.  537.  Chemical  Abstracts, 
Vol.  12,  p.  1282).  Reviews  various  methods  of  hardness  testing 
and  gives  factors  for  the  comparison  of  the  results  with  the 
Brinell  and   scleroscope  method  of  hardness  testing. 

Craggs,  J.  W.  Effect  of  pressure  on  diameter  of  steel  balls.  (Journal 
American    Societj'    of    Mechanical    Engineers,    Vol.    40,    pp,    386-388). 

De  Forest,  A.  V.  A  simple  type  of  Brinell  testing  machine  for  500  kg. 
load.  1918.  (In  Proceedings  American  Society  Testing  Materials, 
Vol.  18,  No.  2,  p.  450-9).  Compares  5  Brinell  hardness  testing 
machines  and  test  results  carried  out  on  hard  rolled  cartridge  brass. 

Edwards,  C.  A.  The  hardening  and  tempering  of  steel.  1918.  (In 
Engineering,  Vol.  105,  p.  267-70.  Abstracted  Journal  Iron  and  Steel 
Institute,  Vol.  97,  p.  528).  Discusses  the  principles  of  hardening 
of  carbon  steels  and  "Special  steels"  like  nickel-steels,  chromium  and 
tungsten    steels. 
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Edwards,    C.    A.      A    law    governing    the    resistance    to    penetration     of 
-       metals  when  tested  by  impact  with  a  10  mm.  steel  ball;  and  a  new 
hardness  scale  in  energy  units.    Prof.  C^  A.   Edwards,   D    Sc.  Univer- 
sity  of  Manchester.     (Engineering,   Oct.   25,    1918,   p.   469). 

Edwards,  C.  A.,  and  Willis,  F.  W.  A  law  governing  the  resistance  to 
penetration  of  metals  when  tested  by  impact  with  a  10  mm.  steel 
ball;  and  a  new  hardness  scale  in  energy  units.  1918.  (In  Pro- 
ceedings Institute  Mechanical  Engineers,  Jan. -May,  p.  335-69). 
Results  of  tests  carried  out  with  different  materials  as  tin,  alumi- 
num, Muntz-metal,  copper,  steel,  etc.,  are  tabulated.  Criticizes 
the    various    methods    of    estimating   the    hardness    of   metals. 

Fairfax.  Brinell  tests  of  hardness.  1918.  (In  Mechanical  World,  Vol. 
63,  p.  127).  Description  of  the  method,  calculation  of  the  value, 
table  of  Brinell  hardness  caused  by  10  mm.,  diameter  ball  under 
various  loads  and  tables  giving  typical  Brinell  hardness  for  va- 
rious metals  and  for  wrought  steels  used  in  automobile  con- 
struction. 

Greenwood,  J.  N.  Constitution  and  hardness  of  aluminum  bronze. 
1918.  (In  Foundry,  Vol.  46,  p.  322-5).  Relationship  between  the 
hardness  and  the  composition  of  aluminum  bronze,  as  modified 
by  heat  treatment  and  by  increasing  percentages  of  aluminum.  The 
alloys   examined  from   8.7-13   per   cent   of   aluminum. 

Grotts.  Metallography  and  heat  treatment  of  metals  used  in  airplane 
construction.  1918.  (In  Chemical  and  Metallurgical  Engineering, 
Vol.  19,  p.  121-8,  191-7,  241-6).  Hardness  tests  made  on  heat 
treated  medium  carbon  steel,  high  carbon  steel,  chrome-nickel, 
chrome-vanadium  steel,  etc.  Method  and  apparatus  used  in  test- 
ing   and    results    of    hardness    tests. 

Guest,  J.  J.  Hardness  tests,  1918.  (In  Institute  Mechanical  Engineers. 
Oct. -Dec,  p.  555-65.  Abstracted  in  Mechanical  Engineering,  Vol. 
41,  No.  2,  p.  173-4).  Gives  a  formula  for  measurement  of  hard- 
ness and  indicates  the  nature  of  hardness  by  means  of  a  stress- 
strain    diagram. 

Hardening    carbon   steel.      1918.      (In    Journal    Industrial    and    Engineer- 
.     ing  Chemistry,  Vol,    10,  p.    574).     Description  of  an  automatic  elec- 
trically operated   detector  for   use  in  connection   with   the   hardening 
of    carbon    steel. 

Hardening  of  aluminum-bronze,  1918.  (In  Journal  Institute  of  Metals, 
Vol.  19,  1,  p,.  250-1.  Journal  Industrial  and  Engineering  Chemistry, 
Vol.   9,   p.    1144.     Abstracted    Giesserei    Ztg.,    June    1,    1917    -f).     By 
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heat     treatment.     Table     is     given     showing     Brinell     hardness,     etc., 
before  and  after   heat   treatment. 

Haynes,  E.  Stellite,  alloys  of  cobalt,  chromium,  tungsten  and  moly- 
bednum.  1918.  (In  Chemical  and  Metallurgical  Engineering,  Vol. 
18,  p.  541-2).  Tungsten  and  molybdenum  increase  the  hardness  to 
a    remarkable    degree. 

Lake,  E.  F.  Failure  of  the  carburizing  process.  1918.  (In  Proceed- 
ings Steel  Treating  Research  Society,  Vol.  1,  No.  9,  p.  39-45). 
Briefly  deals  with  hardness  of  carburized  steel. 

Morse,  F.  L.  Hardness  testing  machine.  1918.  (In  U.  S.  Official 
Gazette,  Vol.  247,  p.  271.  Abstracted  in  Journal  Society  Chemical 
Industry,  Vol.  2)7,  p.  226A).  Combining  a  yielding  abutment,  a 
movable  plunger,  an  indenting  projection,  a  cj'linder  connected  to 
said  abutment,  a  piston  with  a  by-pass  valve  and  a  glass   gage. 

Richardson,  G.  A.  Steel  for  gears  and  their  treatment.  1918.  (In 
Iron  Age,  Vol.  101,  p.  1668-1671).  Discusses  the  relative  merits 
of  case-hardening  and  oil  hardening  for  nickel-chrome  alloys, 
chrome-vanadium  composition  and  other  alloys  containing  tungsten 
with    or   without   nickel,    chromium,   etc. 

Schultz,  G.  Hardening  and  tempering  certain  railways  materials.  1918. 
(In  Stahl  und  Eisen,  Dec.  5.  -f-  Abstracted  in  Mechanical  Engi- 
neering, Vol.  41,  p.  391).  For  all  parts  basic  Martin  steel  with  at 
most   0.12  per   cent   carbon   is   used. 

Shore,  A.  F.  Report  on  hardness  testing:  relation  between  ball  hard- 
ness and  scleroscope  hardness.  1918.  (In  Journal  Iron  and  Steel 
Institute,  Vol.  98,  p.  59-78,  79-88).  Results  of  experiments  are 
shown  graphically  in  accompanying  charts.  A  list  of  metals  and 
materials  used  in  the  experiments.  Discussion  and  correspondence 
on  the  paper. 

Simplest  hardening  equipment  for  carbon  steel.  1918.  (In  Electricity. 
Mar.  22,  1918.  +  Abstracted  Electrical  World,  Vol.  71,  p.  887). 
Description    and    illustration    of    the    furnace. 

Steel  hardening  process  makes  substitute  for  manganese"  steels.  1918. 
(In  Electrical  Railway  Journal,  Vol.  52,  p..  704).  By  application 
of   an   oxyacetylene    flame    in    heating  iron    or    steel. 
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Tone,  F.  J.  Apparatus  for  testing  hardness.  U.  S.  Pat.  1285362.  1918. 
(In  Official  Gazette,  Vol.  255,  p.  1011).  By  applying  a  measured 
pressure  to  the  tool  and  by  measuring  the  depth  of  penetration  or 
the  torque  required  to  rotate  the  tool  while  cutting. 

Unwin,  W.  C.  The  Ludwik  hardness  test.  1918.  (In  Proceedings  In- 
stitute Mechanical  Engineers,  Oct. -Dec,  p.  485-597).  Paper  trac- 
ing the  relationship  between  indentation  hardness  tests  of  ductile 
metals.  Discussion  of  an  article  on  hardness  by  Edwards  and 
Willis,  and  of  the  paper  "The  Brinell  ball  test  for  hardness  of 
metals." 

Unwin,  W.  C.  The  definition  of  hardness.  1918.  (In  Engineering, 
Vol  105,  p  535.  Abstracted  in  Journal  Iron  and  Steel  Institute, 
Vol.  98,  p.  490).  Points  out  the  identity  of  Martel's  and  Brinell's 
hardness  numbers.  Hardness  is  defined  as  the  work  required  to 
indent  unit  volume  or  the  ratio  of  a  steady  load  to  the  spherical 
surface   of   a   ball   indentation. 

Unwin,  W.  C.  The  Ludwig  hardness  test.  (Engineering,  Oct.  25, 
1918,    p.    478. 

1919 

Bassett,  W.  H.  and  Davis,  C.  H.  A  comparison  of  grain-size  measure- 
ments and  Brinell  hardness  of  cartridge  brass.  1919.  (In  Bulletin 
American  Institute  Mining  Engineers,  No.  145,  p.  57-78.  Ab- 
stracted Chemical  Abstracts,  Vol.  13,  p.  307).  Investigation  is 
accompanied    by    numerous    micrographs. 

Boyd.  Hardening  iron  or  steel.  1919.  (In  Chemical  Abstracts,  Vol. 
13,  p.  835.  Abstract  of  Boyd's  Holland  Pat.  2643,  1918).  By  plac- 
ing cold  in  molten  KCN  containing  powdered  C  in  suspension, 
and  by  heating  the  bath  to  the  desired  temperature.  The  metal 
is    then    plunged    into    a    suitable    liquid    to    cool. 

Clewell,  C.  E.  Instruments  for  hardness  tests.  1919.  (In  American 
Machinist,  Vol.  50,  p.  93-6).  The  early  form  of  Brinell  hard- 
ness determination  with  two  recent  modifications,  and  the  sclero- 
scope. 

Ensaw,  H.  Testing  materials  for  hardness.  1919.  (In  American  Ma- 
chinist, Vol.  50,  No.  6,  p.  257-8).  Briefly  discusses  the  file  test. 
the  bar  test  and  the   Brinell  test  for   hardened  steel  parts. 
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Fenaux,  P.  P.  Instruments  for  hardness  tests.  1919.  (In  American 
Machinist,  Vol.  50,  p.  703-4).  Description  of  a  French  develop- 
ment of  a  portable  Brinell  tester,  and  method  of  carrying  out  tests. 

Hardening  steel.  1919.  (In  Chemical  Abstracts,  Vol.  13,  p.  1578. 
Abstract  of  Dear  &  Miris  Steel  Co.'s  Brit.  Pats.  124463  and  124465, 
1916).  (1)  B}'  immersing  steel  at  a  temperature  of  not  less  than 
800  degrees  at  its  surface  and  while  the  interior  is  fluid  in  a  bath 
containing  HNO3,  H^SOi  and  H2SO3  and  an  ammonium  compound; 
(2)  b}-  immersing  a  steel  ingot  while  its  interior  is  still  molten  in 
water  or  an  aqueous  bath  and  keeping  it  long  enough  to  prevent 
recalescence    after    its    removal    from    the    bath. 

KeUey,  F.  C.  Relative  hardness  of  soft  iron  and  copper.  1919.  (In 
Machinery,  Vol.  25,  p.  921.  Abstracted  in  General  Electric  Review. 
+  ).  By  use  of  an  electric  furnace,  ingot  iron  was  annealed  to  a 
degree  of  softness  that  made  it  suitable  for  use  instead  of  copper. 
Hardness  tests  were  made  by  the  standard  Brinell  method.  Re- 
sults  of   tests   are   tabulated. 

Lea,  F.  C.  Aluminum  alloj-s  for  aeroplane  engines.  1919.  (In  Jour- 
nal Society  Chemical  Industry,  Vol.  38,  p.  370A).  Hardness  of 
aluminum    alloys    becomes    greater    as    the    copper    content    increases. 

Londenbeck.  Heat  treating  chrome-nickel  steel.  1919.  (In  Proceed- 
ings Steel  Treating  Research  Societ}',  Vol.  2,  No.  5,  p.  18-24,  58-60). 
Deals  briefly  with  relation  between  impact  and  Brinell  hardness. 
Table    shows    impact    plotted    against    Brinell    hardness. 

Linbenberg.  Process  for  hardening  chrome-steel  for  magnets.  1919. 
(In  Journal  Society  Chemical  Industry,  Vol.  38,  p.  18A.  Ab- 
stract of  Lindenberg's  German  Pat.  308291,  1916).  The  finished 
pieces  are  brought  to  a  temperature  just  below  the  critical  point, 
then  heated  quickh'  to  the  hardening  temperature  above  that  point, 
and   quenched    in   water. 

P.  Ludwik.  In  Proceedings  American  Society  for  Testing  Materials. 
1908-10,  II  1,  6).  Gives  bibliography  of  tests  showing  that  Brinell 
hardness  varies  with  load  and  diameter  of  ball.  Discusses  ball — 
pressure  tests  and  cone — pressure  tests.  Good  general  discussion 
with    references. 

Nicolardot,  P.  Sur  I'ecrouissage  du  plomb,  de  I'estain  et  du  thallium. 
1919.     (In  Comptes-Rend,  Vol.  168,  p.  558-60.     Abstracted  in  Chem- 
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ical  Abstracts,  Vol.  13,  p.  1813).  On  the  hardening  of  lead,  tin 
and  thallium  by  deforming  the  metal  ingot  by  the  impact  of  a 
hammer  and  by  producing  the  ball  impression  under  a  constant 
load  of  10  kg.  for  5  seconds.  Results  are  tabulated.  It  is  shown 
that  deformation  takes  place  with  lead,  thallium  and  tin  and  that 
at  ordinary  temperature  they  anneal  the  sooner,  the  temperature 
is    higher. 

Round  table  discussion  held  before  the  Indianapolis  Section  1919.  (In 
Proceedings  Steel  Treating  Research  Society,  Vol.  2,  No.  5,  p. 
28-31,  54-8).  Dealing  briefly  with  the  hardening  of  high-speed 
steel  in  connection  with  a  chart  on  "showing  the  effect  of  drawing 
on  all  high-speed  steels,  hardened  at  various  temperatures  and 
drawn    at    various    temperatures." 

Shepard,  W.  K.  Hardness  tests  of  gun-barrel  steel.  1919.  (In  Amer- 
ican Machinist,  Vol.  50,  p.  739-42).  Investigation  on  reL-xtions  be- 
tween tensile  and  hardness  tests  of  steel  with  0.5-0.6  per  cent  car- 
bon, 1.15-1.3  per  cent  manganese,  0.18-0.25  silicon,  0.08  per  cent 
phosphorus    and   0.06   per   cent    sulphur. 

Thompson,  F.  C.  Some  recent  advances  in  the  measurement  of  hard- 
ness in  metals.  1919.  (In  Journal  Society  Chemical  Industry, 
Vol.  38,  p.  241-3R).  Criticizes  the  Brinell  test,  deals  with  modi- 
fication of  the  Brinell  test  and  means  to  correct  its  unsatisfactory 
features.  Briefly  deals  with  the  Shore  scleroscope  method  and  the 
relation   between   the    Shore   and    Brinell   numbers. 

1922 

Moore.  Ball  hardness  tests.  (The  Engineer,  Vol.  134,  No.  3471,  July 
7,  1922,  p.  4-5  serial). 

Moreau.  Hardness  testing  methods.  (Revue  Generale  de  C  Electricite, 
Vol.    12,   No.   3,  July  22,    1922,   p.    106-111). 

O'Neill,  Hugh.  Brinell  number,  variation  with  load.  (Advance  paper 
No.    19    Iron    and    Steel    Institute,    meeting    May,     1923). 

Reis  &  Zimmerman.  Hardness  of  solid  bodies  and  its  relation  to  their 
chemical  composition.  (Zuts.  fur  Phj'sikalische  Cheme,  Vol.  102, 
No.  3-4,   1922,  pp.  298-358). 

Rockwell,  S.  P.  Testing  metals  for  hardness.  (Transactions,  Ameri- 
can Society  for  Steel  Treating,  No.  2,  No.  11,  Aug.,  1922,  p.  1013- 
1033). 

Smith,  R.  L.  and  Sandland,  G.  E.     An  accurate  method  of  determining 
"    the    hardness    of   metals    with    particular    reference    to   those    of    high 
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degree    of    hardness.     (Proceedings    Institute    Mechanical    Engineers, 
Vol.    1,    No.    3,    1922,    p.    623-641). 

Investigation    of    fatigue    of    metals,    1922.     (Bulletin    124,    136    Engineer- 
ing   Experiment    Station,    University    of    Illinois). 

Jeffries    &    Archer.     Mechanical    properties    as    affected    by    grain    size. 
(Chemical   and    Metallurgical    Engineering,    Oct.    18,    1922,    p.    789). 

1923 

Batson,  R.  G.   C.     Static  indentation  tests.     (Engineering  April  27,   1923, 
pp.    534-537). 

Edwards,    C.   A.   and   Auston,    C.    R.     Hardness    study.     (Advance    paper 
No.    9,    May,    1923.     Iron    and    Steel    Institute). 

Hardness    and    hardness    testing.     (Editorial    in     Engineering,     Apr.    27, 
1923,   pp.   527-528). 

Hardness  tests.     (The   Engineer,  April  27,   1923,  p.  444). 

Hawkins,  G.  A.     Relation  between  width  of  scratch  and  load  on  diamond 
in  scratch  hardness  tests.     (Engineering  April  27,  1923,  pp.  537-540). 

Pendulum  hardness  tester.     (The   Engineer,  Apr.    13,    1923,   p.   390). 
Rosenhain,   W.     Hardness   and    hardening.     (Chemical   and    Metallurgical 
Engineering,    May.  21,    1923.    p.    899.) 
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STATIC    AND    DYNAMIC    TESTS    FOR    STEEL 
By  J.  M.  Lessells 


\ 


Abstract 


The  paper  deals  zvith  certain  static  and  dynamic 
forms  of  testing,  the  tensile  test  being  taken  as  represen- 
tative of  the  fanner,  and  the  repeated  shock  and  fatigue 
as  representative   of  the  latter. 

Certain  types  of  shock  and  fatigue  testing  machines 
are  described  in  detail  together  zvith  the  experimetital 
results  obtained  from  such   machines. 

The  tabulated  data  shozi's  that  the  results  obtained 
front  the  repeated  shock  tests  have  a  real  meaning  and 
ore  closely  related  to  those  obtained  from  the  long-time 
fatigue  tests.  Since  it  has  frequently  been  asserted  that 
there  is  no  such  relation  between  repeated  shock  and 
fatigue,  these  results  are  of  the  first  importance.  On  this 
basis  the  repeated  shock  test  becomes  a  short  time  fatigue 
test. 

Another  short  time  test  is  discussed  in  detail  in 
which  the  endurance  limit  under  fatigue  is  determined  by 
measuring  the  deflection  of  a  single  test  piece  while  run- 
ning under  a  varying  load.  In  general  the  paper  asserts 
the  importance  of  dynamic  testing,  cautions  the  use  of 
such  without  proper  kncndedge,  and  establishes  a  rela- 
tion   betiveen    different   forms. 

IXTRODUCTIOX 

THIS    paper    is    presented    with    the   view    of    discussing   some 
of  the  characteristics  of  static  and  dynamic  forms  of  testing. 
The      tensile   test  has   been   taken   as   representative   of    the   static 


A  paper  presented  before  the  Pittsburgh  chapter  of  the  Society,  June 
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forms  and  the  repeated  shock  and  fatigue  as  representative  of 
the  dynamic  forms.  A  relation  between  these  two  latter  tests 
is  discussed  in  detail. 

Static    Testing 
Tensile 

The  tensile  test  being  the  chief   static  test  is   first  considered, 
this    test    of    course,    due    to    the    speeds    adopted    for    commercial 


f/osfic  Condifion    — 
^P/es//c  Co/xfi/iof!   (Acfual  Area) 
Elastic  Limf  (Johnson)    ^P/os/ic  Conc/i/zon  (Ongwal  Area) 


J/2. ,m- 


ze      3a 
E/onfufio/?  Iff  rnches 
S'fafe  /en^ff? 

Fig.  1 — Tensile  Test  Diagram  for  an  0.37  Per  Cent  Carbon  Steel,  Annealed. 
Elastic  Limit,  33,000  lbs.  per  sq.  in.;  Yield  Point,  39,600  lbs.  per  sq.  in.;  Maximum 
Stress  (original  area),  68,825  lbs.  per  sq.  in.;  Maximum  Stress  (actual  area),  117,500 
lbs.  per  sq.  in.  ;  Elongation  in  2  Inches,  35.4  per  cent ;  Reduction  of  Area,  50.6  per 
cent;    Modulus    of    Elasticity,     30.8    x     10";     Proof    Resilience,     8.82     inch     pounds. 


testing  might  scarcely  be  classified  as  static,  but  on  the  basis  that 
the  test  piece  is  stationary  it  is  so  considered  in  this  paper. 

In  a  tensile  test,  there  are  two  values  around  which  much  dis- 
cussion as  to  the  actual  meaning  of  the  values,  has  taken  place. 
Reference  is  made  to  the  elastic  limit  and  yield  point.  This  con- 
tention is  all  unnecessary  since  there  is  no  question  that  we  can 
all  agree  on  the  interpretation  of  such,  if  we  desire  to  do  so. 
The  elastic  limit  can  be  taken  as  that  stress  at  which  strain  ceases 
to  be  proportional  to  applied  load,  and  yield  point  as  that  stress 
at  which  an  extension  of  0.01  inches  on  a  standard  test  bar  has 
occurred.  These  values  would  only  be  suitable  for  low  and  medium 
carbon  steels,  but  there  is  no  reason  at  all  why  an  interpretation 
of  such  cannot  be  worked  out  on  this  basis  which  eliminates  all 
such  expressions  as  "drop  of  the  beam,"  etc.  In  this  manner  the 
yield  point  would  be  tied  up  completely  with  elastic  limit,  whicli 
is,  as  it  should  be. 

In  Figs.  1  and  2  are  shown  characteristic  tensile  test  diagrams 
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on  which  these  two  vakies  are  recorded  on  the  basis  of  the  pre- 
vious interpretation.  With  this  brief  discussion  of  the  apparent 
difficulties  of  the  tensile  test  interpretation,  the  more  complicated 
forms  of  testing  can  now  be  considered. 


Dynamic  Testing 

There  are  two  forms  of  dynamic  tests ;  namely  the  shock  test 
and   the   fatigue   test. 

Shock  Tests 

The   repeated  shock  test  will   alone  be   considered   here   since 
the  other  forms  of  tests  were  fully  discussed  by  the  writer  in  a 
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Fig.    2 — Elastic    Phase    of    the    Tensile   Test    Diagram    for    a    Steel    Casting    of    0.33 
Per    Cent    Carbon,    Normalized. 

paper  published  in  the  ]May,  1922,  issue  of  Transactions.  The 
type  of  machine  used  is  shown  in  diagrammatic  form  in  Fig.  3, 
and  is  called  the  Stanton  type. 

In  this  machine,  the  test  piece  being  notched,  is  struck  a 
blow  over  the  notch  alternately  180  degrees  apart,  the  height  of 
drop  and  the  number  of  blows  to  fracture  l^eing  recorded.  Tests 
conducted  with  such  a  machine  for  a  single  height  of  drop  are 
of  little  or  no  value  and  the  results  of  such  might  conceivably 
be  very  misleading.  Due  to  the  possibility  of  being  able  to  change 
the  height  of  the  drop  a  series  of  results  can  be  obtained,  com- 
mencing with  a  2-inch  drop  and  noting  the  number   of   blows   to 
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fracture,  then  reducing  the  height  of  drop  on  each  consecutive  test 
piece  until  a  drop  of  0.3-inch  has  been  reached.  These  results 
are  then  ])lotted  so  that  height  of  the  drop  is  die  ordinate  and 
the  number  of  blows  to  fracture  the  abscissa.     The  type  of  curve 


Fig.    3 — Diagram    of   the    Stanton    Repeated    Impact   Testing    Machine. 
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Fig.     4 — Repeated    Sliock    Test     Curve    for    a    0.37     Per    Cent 
Carbon    Steel,    Annealed. 


obtained  is  shown  in  Figs.  4,  5  and  6.  It  will  be  noted  that  all 
of  these  curve.s  are  characteristic,  just  as  a  tensile  test  diagram 
is  characteristic. 

Fatigue    Tests 

Fatigue  testing  machines  are  of  various  forms,  but  only  two 
will  be  discussed  here;  namely,  the  beam  type  and  the  cantilever 
type. 

In  the  beam   type,  the  test  piece   is   freely  supported   at   the 
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Fig.    5 — Repeated    Shock    Test    Curve    for    a    0.37    Per    Cent    Carbon 
Steel    Heat-Treated. 
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Fig.    6 — Repeated    Shock   Test    Curve   for   a    0.33    Carbon    Steel 
Casting,   Normalized. 


ends  on  two  ball  bearings  and  loaded  through  two  others,  each 
lYz  inches  from  the  center  of  the  test  piece.  In  the  cantilever  type 
the  test  piece  is  gripped  at  one   end  and  is  loaded  at  the  other 
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through  a  ball  bearing.  Both  types  of  machines  are  shown  in 
Figs.  7  and  8.  Tests  are  made  on  these  machines  by  taking  a  series 
of  test  pieces  and  commencing  with  a  stress  approximately  one- 
half  the  ultimate  stress  in  tension,  and  the  piece  is  run  to  destruc- 
tion.     The   number   of    stress   cycles   to    fracture   the   specimen,   is 


Fig.   7 — Beam   Type  of   Fatigue  Testing   Ma- 
chine. 

recorded.  The  stress  is  slightly  reduced  on  successive  test  pieces 
until  a  total  cycle  of  20x10°  is  obtained  without  fracture.  From 
the  results  obtained,  a  curve  having  the  stress  as  the  ordinate  and 
the  cycles  of  stress  as  the  abscissa,  is  obtained.  Such  curves  are 
shown  in  Figs.  9  and  10. 

It  will  be  noted  that  these  curves  are  of  the  same  general 
characteristic  as  those  obtained  from  repeated  shock  tests.  On  the 
assumption  that  these  endurance  curves  are  asymptotic  to  the 
horizontal  axis  the  endurance  limit  is  taken  as  that  stress  just  im- 
mediately below,  that  withstood  for  20x10^  cycles  without  failure. 

Relation    Between    Endurance   and   Repeated   Shock 
As  previously,  stated  the  curves   for  endurance  and   repeated 
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shock  show  the  same  characteristics  in  that,  after  certain  points, 
small  decrements  of  stress  in  the  case  of  fatigue  tests,  and  of  height 
of  drop  in  the  case  of  repeated  shock  tests,  give  large  increments 
in  the  life  of  the  specimen,  and  that  neither  break.  Since  these 
are   similar,    the   vertical   height   of    the    repeated   shock   curve    to- 


Fig.    8 — Cantilever    Type   of   Fatigue    Testing 
Machine. 


wards  the  right  hand  should  be  indicative  of  the  endurance  value 
obtained  by  the  longer  methods.  To  show  this,  a  comparison  of 
such  values  is  given  in  Table   1. 

In  this  table  three  steels  are  considered,  a  rolled  medium 
carbon  steel,  a  carbon-vanadium  steel  casting,  and  a  carbon  steel 
casting.  Taking  the  values  of  the  endurance  limits  (carbon  steel 
as  rolled)  as  unity,  and  the  value  from  the  shock  resistance  curve 
at  60,000  blows  also  as  unity,  the  corresponding  relative  values 
for  the  annealed  and  normalized  states  are  shown  to  be  1.01  and 
1.06  for  the  long  fatigue  tests,  and  1.04  and  1.08  for  the  shock 
tests.  This  is  also  repeated  for  the  steel  castings,  making  the 
cast  condition  the  basis  of  comparison.     It  will  be  noted  that  there 
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is  a  striking  similarity  between  the  two  sets  of  results,  showing 
undoubtedly,  that  there  exists  a  relation  between  fatigue  and  re- 
peated shock,  if  the  results  are  properly  interpreted. 

Short  Method  of  Determining  Endurance  Limit 

From   what   has   been    previously   said,    it   will   be   appreciated 
that  the  determination  of  endurance  limits  is  a  long  process,  since 


Table  I 
Relative   Endurance   Values   from   Shock  and   Fatigue   Tests 


Fatigue 

Shock 

Material 

State 

Tests 

Tests 

0.37  Carbon      Steel 

As 

rolled 

1.00 

1.00 

0.37  Carbon     Steel 

As 

annealed 

1.01 

1.04 

0.37  Carbon      Steel 

As 

normalized 

1.06 

1.08 

0.3  Car.— 0.18  Van. 

Steel 

As 

cast 

1.00 

1.00 

0.3    Car.— 0.18    Van. 

Steel 

As 

annealed 

1.05 

1.17 

0.3   Car.— 0.18   Van. 

Steel 

As 

normalized 

107 

1.17 

0.23  Carbon    Steel 

As 

cast 

1.00 

1.00 

0.23  Carbon    Steel 

As 

annealed 

1.10 

1.16 

Endurance:  Test  Curves 
o.  37  Car  BO  n  Steel 
Annealed 


Beam  suppor/ed  of  errt/ -  /OOP  RPM 


Cort/i/ever  beam  -  i300  f?PM 


No/  iro/re/i  a/ 

eo.ooo.ooo  rvwst, 


:j 


a^oM. 


a        3        4        S        6        7        e        9        /O       //        /S       /3       Mt       /s 
Reversals  o/  Stress  i/r  ffi/lions 

Fig.    9 — Endurance    Curve    for    a    0.37    Per    Cent    Carbon    Steel,    Annealed. 

for  a  stress  cycle  of  20x10^  the  test  piec€  must  run  continuously 
for  at  least  twelve  days.     The  repeated  shock  test  can  be  used  as 
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Fig.     11 — Deflection    Curve    (Dynamic)     for    a    3J/2     Per    Cent 
Nickel    Steel. 


a  check  on  these  long  tests  once  the  vakies  from  these  long  tests 
for  one  state  of  the  material  are  at  hand.  There  is,  however, 
se\'eral   short   cuts   to   the  determination   of   this   endurance   value. 
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One  of  these  will  be  discussed,  namely,  the  "deflection"  method. 
In  this  test,,  one  test  alone  is  necessary  although  two  are  desirable 
and  the  endurance  limit  can  be  determined  in  thirty  minutes.  A 
mirror  is  fixed  in  the  end  of  the  rotating  test  piece  and  by  a 
suitable  arrangement  of  telescope  and  scale  the  values  of  de- 
flection and  corresponding  load  are  obtained.  From  this  data  a 
curve  is  drawn  having  stress  as  ordinates  and  deflection  as  abscis- 
sae. The  point  at  which  stress  ceases  to  be  proportional  to 
deflection  is  the  endurance  limit  of  the  material.  A  curve  of  this 
nature  for  nickel  steel  is  shown  in  Fig.  11.  This  method  originally 
used  at  the  National  Physical  Laboratory,  England,  gives  very  good 
results  and  the  only  limitation  imposed  on  its  use  at  this  time  by 
the  writer,  is  that  the  endurance  value  so  found  must  not  exceed 
the  elastic  limit  in  tension. 

From  these  remarks  it  will  be  appreciated  that  there  is  a  re- 
lation between  repeated  shock  and  endurance  tests.  Since  a  series 
of  repeated  shock  tests  can  be  made  in  a  few  hours  while  the  en- 
durance tests  take  weeks,  this  relation  will,  when  further  worked 
out,  tend  to  make  dynamic  testing  possible  commercially.  Further- 
more, by  the  development  of  such  short  methods  as  that  of  de- 
flection, the  time  of  determining  endurance  limits  for  steel  under 
reversed  stress  will  be  further  reduced.  The  only  caution  which 
the  writer  advances  is  that  we  should  know  these  tools  thoroughly 
before  we  begin  to  apply  them.  Otherwise,  repeating  the  old 
adage,   "a  little  knowledge  may  become  dangerous." 

Conclusion 

In  conclusion  the  writer  wishes  to  emphasize  the  importance 
of  dynamic  testing  and  believes  that  in  the  future  the  use  of  such 
will  be  largely  extended  towards  obtaining  the  best  material  for 
specific  applications. 
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The  Question  Box 

A  Column  Devoted  to  the  Asking,  Answering  and  Discussing 

of  Practical  Questions  in  Heat   Treatment  —  Members 

Submitting  Answers  and  Discussions  Are  Requested 

to  Refer  to  Serial  Numbers  of  Questions 


NEW   QUESTIONS 

QUESTION  NO.  96.  Can  tJic  structure  of  a  piece  of  steel 
he  ileteriiiined  by  the  microscope  applied  to  the  fracture  of  a 
cross  section,  z<,nthout  polishing  and  etching  the  fracture,  say  of  a 
stamping   die   6   .r   2   .r   3/^    inches,    that   has    been    hardened   and 

broken  in  half,  that  is,  are  the  different  structural  phenomena 
known  as  austenite,  martensite,  sorbite,  ferrite,  etc.,  so  determin- 
able r 


QUESTION  NO.  97.     What  degree   of  heat  is  required  to 
change  austenite  to  martensite,  troosite,  etc? 


QUESTION  NO.  98.  What  heat  treatment  will  give  a  pure 
martensite  structure  throughout  the  hardened  area  of  a  piece  of 
steel  6  .r  2  .r  3H  inches? 


ANSWERS   TO   OLD  QUESTIONS 

QUESTION  NO. .67.  What  is  the  reason  for  the  fact  that  a 
piece  of  steel  quenched  in  brine  zmll  be  harder  than  the  same  piece 
of  steel  would  be  if  quenched  in  water,  providing  that  the  quench- 
ing temperatures  and  quenching  medium  temperatures  are  the 
same  in  each  case? 


QUESTION  NO.  69.  Is  sulphur  up  to  0.10  per  cent  detri- 
mental to  the  quality  and  pJiysical  properties  of  an  automotive 
steel. 


QUESTION  NO.  72.     What  elements  are  conducive  to  good 
electric  butt-welding  of  steels? 
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QUESTION  NO.  73.  Does  electric  butt-welding  destroy  the 
physical  properties  developed  in  a  steel  which  has  been  heat  treated 
prior  to  the  zvclding  operation? 


QUESTION  NO.  74.  Why  shouldn't  a  bar  of  steel  rolled 
from  a  locomotive  axle  be  better  than  one  rolled  direct  from  the 
billet  made  from  the  original  ingot? 


QUESTION  NO.  83.  In  annealing  high-carbon  tool  steel 
in  an  open-fire  furnace  6'  x  12'  is  it  likely  that  sulphur  tvould  be 
imparted  to  the  strel  by  the  use  of  producer  gas  made  from  coal 
unusually  high  in  sulphur,  say  around  1.50  to  2.00  per  cent? 


QUESTION  NO.  85.  What  is  the  best  method  of  prevent- 
ing carburization  in  holes,  or  in  the  bore  of  parts  to  be  case  hard- 
ened? 


QUESTION  NO.  92.     What  is  meant  by  reduction  of  area 
in  tensile  testing  of  metals? 


QUESTION  NO.  93.  What  are  the  more  common  methods 
of  quenching  ordinary  taps?  Are  they  quenched  all  over  and  the 
shanks  drazvn,  or  are  they  quenched  only  on  the  threaded  portions; 
or  are  both  the  threaded  portions  and  the  tangs  quenched,  leaving 
the  center  portion  of  the  shank  soft? 


QUESTION  NO.  94.     What  are  the  most  salient  causes  of 
the  explosive  disruption  of  muny  hardened  steel  articles? 


QUESTION   NO.   95.     What  is  meant   by  ''self  hardening' 
steels? 
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Reviews  of  Recent  Patents 


1,450,947.  Forging  Press.  David  R.  Gill,  Erie,  Pa.,  assignor  oi 
one-half  to  Harold  M.  Sturgeon,  Erie,  Pa. 

This  invention  relates  to  a  forging  press  which  comprises  a 
plurality  of  forging  dies  each  having  forging  surfaces  encircling  the 
axis  of  the  pass,  one  end  of  said  forging  surface  being  out  of  the 
plane  of  the  other  end  thereof  and  the  radius  thereof  progressively 
decreasing  from  the  entrance  end  of  the  exit  and  thereof,  said  dies  being 
interjacent  of  each  other  and  forming  a  conically  shaped  pass  there- 
through, and  mechanism  adapted  to  support  said  dies  and  rotate  each  die 
around  an  axis  offset  from  the  axis  of  the  other  die. 

1,451,333.  Art  of  Making  Electrolytic  Iron.  Frederic  A.  Eustis, 
Milton,  Carle  R.  Ha5rward,  Quincy,  and  Henry  M.  Schleicher  and  Don- 
ald Belcher,  Boston,  Mass.,  assignors,  by  direct  and  mesne  assignments, 
of  one^half  to  said  Eustis,  and  one-half  to  Charles  Page  Peria,  New' 
York  City. 

This  refers  to  an  art  of  making  electrolytic  iron  which  comprises 
reducing  a  ferric  solution  b}^  means  of  an  electric  current  to  a  ferrous 
state,  and  then  transferring  the  ferrous  solution  to  a  separate  electrolytic 
cell  to  which  the  ferric  solution  has  no  access  and  depositing  iron  from 
the  ferrous  solution  by  electrolysis  in  said  separate  cell. 

1,452,232.  Alloy.  Carl  J.  Zaiser,  Milwaukee,  Wis.,  assignor  to 
American  Metal  Products  Company,  Milwaukee,  Wis.,  a  corporation  of 
Wisconsin. 

This  patent  refers  to  an  alloy  consisting  of  the  following  ingredients 
in  substantially  the  following  proportions,  namely:  Iron — 13  to  60  per 
cent;  Copper — 82  to  30  per  cent;  Aluminum — 5  to  10  per  cent. 

1,452,480.  Apparatus  for  Casting  Metals.  Nathaniel  K.  B.  Patch, 
Buffalo,  N.  Y.,  assignor  to  Lumen  Bearing  Company,  Buffalo,  N.  Y.,  a 
corporation  of  New  York. 

This  invention  relates  to  an  apparatus  for  casting  metals  under  the 
pressure  of  centrifugal  force,  comprising  a  rotatable  head,  and  a  mold- 
ing flask  mounted  on  said  head  to  rotate  therewith,  said  flask  having  a 
molding  cavity  in  its  upper  portion  and  a  comparatively  deep  well  for 
molten  metal  in  its  lower  portion  communicating  with  said  molding 
cavity. 
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THE    STEEL   THEATERS'    MOVEMENT 

An    eJitorial    from    Iron    Age,    Oct.    IS,    1923. 

I  ^  HE  demand  for  an  organization  such  as  the  American 
-■■  Society  for  Steel  Treating  was  strongly  demonstrated  dur- 
ing the  week  of  Oct.  8  to  12  in  Pittsburgh.  At  its  fifth  annual 
gathering  this  society  successfully  put  through  a  technical  pro- 
gram and  a  steel  exhibition  which  would  reflect  credit  on  a 
much  older  body.  In  the  quality  of  the  papers  presented,  in 
the  scope  of  the  products  exhibited,  and  in  the  attendance,  the 
meeting^  was  a  surprise  to  some  of  the  most  ardent  steel 
treaters. 

A  feature  of  the  convention  from  a  technical  standpoint 
was  the  high  standard  set  by  the  program  as  a  whole.  In  a 
single  session  the  names  of  some  of  the  most  prominent 
metallurgists  of  the  country  on  the  list  of  participants  made 
it  an  occasion  that  recalled  meetings  only  a  few  years  ago 
of  the  steel  section  of  the  mining  engineers.  A  second  feature 
was  the  general  youthfulness  of  the  membership,  testifying 
to  enthusiasm  in  their  work  and  to  the  impelling  power  behind 
the  accomplishment  of  the  future.  Here,  in  a  comparatively 
new  field,  or  one  in  which  scientific  knowledge,  methods  and 
apparatus  are  transforming  a  crude  art,  are  possibilities  from 
which  much  will  be  heard  in  the  near  future. 

The  exhibition,  commercially  and  in  every  other  way,  was 
a  success  and  now  ranks  close  to  the  older  one  which  is  a  fea- 
ture of  the  annual  gathering  of  American  foundrymen.  There 
were  some  suggestions  that  there  is  danger  of  giving  too 
much  prominence  to  the  commercial  side.  It  is  hoped  that 
the   commercial    features    will    not   be   overstressed   or    to    the 
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point  of  detracting  from  the  technical  possibilities  of  so  prom- 
ising an  organization.  Besides  the  usual  showing  of  heat 
treating  equipment  of  all  kinds  were  the  attractive  exhibits 
of  large  and  small  steel  companies  and  machine  tool  in- 
terests. 

The  new  society  is  thus  afifording  a  meeting  place,  not  only 
for  the  steel  treater  and  metallurgist,  but  for  all  steel  makers 
and  users  who  would  have  American  steel  products  benefit 
to  the  fullest  extent  from  the  scientific  advance  that  is  now  so 
prominently  before  the  industry. 


STEEL  TREATING  FIELD   EXPANDS 

An    editorial   from   Iron    Trade   Review,    Oct.    18,    1923. 

AMERICA'S  youngest  of  the  larger  technical  organizations, 
the  American  Society  for  Steel  Treating,  continues  to  at- 
tract attention  by  its  vigorous  growth.  At  Pittsburgh  from 
Oct.  8  to  12,  the  society  held  the  largest  convention  and  ex- 
position it  has  yet  attempted  and  the  unqualified  success  was 
a  tribute  to  the  sound  and  mature  judgment  of  the  manage- 
ment. AMthin  three  years,  or  since  formation  of  the  society 
in  1920,  its  membership  has  grown  50  per  cent,  or  to  approxi- 
mately 3000  members.  The  membership  is  open  to  "the  man 
at  the  fire"  as  well  as  to  the  metallurgist  and  the  plant  ex- 
ecutive and  the  society  is  proud  of  the  fact  that  it  has  been 
able  not  only  to  retain  its  membership  but  has  been  able  to 
show  gains  in  all  classifications. 

As  is  widely  recognized  the  art  of  heat  treatment  has 
made  its  most  rapid  advance  since  the  war,  thus  it  is  only  nat- 
ural that  the  American  Society  for  Steel  Treating  in  its 
growth  and  activities  should  reflect  the  increasing  interest  in 
that  field.  Registration  figures  at  Pittsburgh  showed  the  de- 
gree to  which  the  organization  is  doing  that.  Total  registra- 
tion reached  nearly  1800  of  which  1492  were  listed  as  members. 
With  a  net  membership  of  3000,  the  attendance  of  this  year's 
convention  was  nearly  50  per  cent  and  about  10  per  cent  bet- 
ter   than    at    Detroit   last   year.      Technical    sessions    at    which 
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heat  treatment  problems  were  discussed  were  unusually  well 
attended.  The  exposition  covered  one-third  more  space  than 
in  1922  and  yet  was  not  sufficient  to  provide  for  all  applica- 
tions. During  the  five  days  the  doors  were  open  it  is  esti- 
mated over  40,000  people  passed  through,  thereby  establishing 
a  new  record. 

Already  the  society  is  feeling  need  for  expanding  its  field 
and  is  developing  a  new  constitution  defining  its  scope.  As 
organized  at  present  the  purpose  of  the  society  is  "to  promote 
the  arts  and  sciences  connected  with  the  treatment  of  iron  and 
steel"  and  refers  more  specifically  to  the  treatment  subsequent 
to  the  manufacture  of  the  material.  In  the  utilization  of 
alloy  steels,  the  manufacture  is  becoming  an  important  con- 
sideration. In  addition,  certain  nonferrous  metals  are  demand- 
ing attention  as  regards  heat  treatment.  Therefore,  appreciat- 
ing the  importance  of  the  rapidly  widening  field  the  purpose  of 
the  society  in  the  proposed  constitution  has  been  made  to  read 
"to  promote  the  arts  and  sciences  connected  with  either  the 
manufacture  or  treatment  of  metals,  or  both." 

The  proposed  broadening  of  the  field  of  the  society  is 
logical,  even  though  the  "manufacture  of  metals"  is  almost 
limitless  in  its  scope  under  unrestricted  interpretation.  If  the 
proposal  is  adopted  and  the  society  directs  its  attention  to  the 
treatment  of  metals  and  to  such  phases  of  their  manufacture 
as  are  pertinent  to  their  subsequent  treatment  or  use,  it  will 
be  found  the  field  is  sufficiently  large  to  absorb  all  the  energies 
of  members  of  the  organization  for  years  to  come. 


SOME  TRADE  PRESS  COMMENTS  ON  CONVENTION 

IT  IS  indeed  gratifying  to  us  to  read  some  of  the  interesting 
comments  made  by  several  of  the  trade  publications  in  their 
reviews  of  the  Fifth  Annual  Convention  and  Exposition  of  the 
American  Society  for  Steel  Treating. 

In  a  twelve-page   review  of  the  activities   of   the  convention 
and  exposition  the  Iron  Age  of  October  18,  says  in  part,  that — 

"An  organization  which  can  successfully  stage  a  technical  con- 
vention  and   exhibition   of    the   high   order   and    magnitude   of    the 
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one  held  in  Pittsburgh,  October  8  to  12,  by  the  American 
Society  for  Steel  Treating,  at  once  takes  its  place  in  the  front 
rank  of  societies  of  this  class.  That  this  bias  been  possible 
after  only  four  years  of  existence  is  the  striking  fact.  The 
event,  both  from  the  technical  and  exhibition  standpoint,  has 
become  one  to  be  looked  forward  to  with  keen  interest.  Out 
of  a  total  membership  of  over  2700  there  was  a  registered  at- 
tendance of  nearly  1500,  exceeding  any  previous  meeting.  The 
membership  registered  at  Detroit  a  year  ago  was  about  1250. 
In  expansion,  enviable  progress  Avas  made  in  that  the  net 
increase  in  membership  in  good  standing  last  year  was  about 
18.75  per  cent. 

"The  technical  sessions  \vithout  exception  were  featured 
by  large  audiences  and  an  enthusiasm"  naturally  the  accom- 
paniment of  a  large  group  of  comparatively  young  men.  The 
papers  on  the  whole  compare  favorably  with  those  in  the  pro- 
grams of  some  of  the  much  older  technical  organizations. 

"The  steel  exhibition  was  the  most  successful  of  the  kind 
ever  held  anywhere  and  it  was  also  the  largest.  Entire  satis- 
faction was  voiced  by  nearly  all  those  who  had  booths,  many 
of  them  reporting  excellent  business  booked  or  in  prospect. 
The  experiment  t)f  not  opening  the  exhibition  until  afternoon 
of  each  day  appeared  to  be  a  success." 

Irox  Trade  Review 

The  Iron  Trade  Review  of  October  18  in  a  nine-page  re- 
view of  the  exposition  and  convention,  makes  the  following 
comments : — 

"Without  reservation  the  Fifth  Annual  Convention  and 
Exposition  of  the  American  Society  for  Steel  Treating  held  in 
Pittsburgh,  October  8-12,  may  be  judged  the  most  outstanding 
yet  conducted  by  that  society.  Registration  reached  a  total 
of  approximately  1800  of  which  1492  were  classified  as  mem- 
bers. Thus  on  the  basis  of  a  total  society  membership  of 
3000,  the  attendance  represented  almost  50  per  cent,  a  figure 
probably  never  before  reached  by  the  larger  technical  or- 
ganizations. 

"Technical    sessions    in    the    morning    were    held    at    the 
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William  Penn  hotel,  while  the  afternoon  meetings  were  con- 
ducted at  Motor  Square  Garden,  where  the  exposition  was  in 
progress.  Attendance  at  these  meetings  was  unusually  large 
and  may  be  attributed  to  the  facts  that  no  simultaneous  meet- 
ings were  held  and  the  opening  of  the  exposition  was  arranged 
so  as  to  offer  little  interference  to  the  operation  of  the  pro- 
gram. Motor  Square  Garden  is  located  six  miles  from  down- 
town Pittsburgh,  but  in  spite  of  this,  the  attendance  there 
broke  all  previous  show  records,  it  being  estimated  that  up- 
wards of  40,000  people  passed  through  during  the  five  days. 
Two  floors  were  devoted  to  the  exhibits  which  represented  a 
considerably  wider  range  of  equipment  than  last  year.  The 
total  floor  space  was  about  one-third  larger  than  in  1922, 
nevertheless  it  was  necessary  to  refuse  many  applications." 

Chemical  and  Metallurgical  Engineering 

Chemical  and  MctaUurgical  Engineering  in  its  October  22 
issue  devoted  four  pages  to  a  review  of  the  exposition  and 
convention.    A  part  of  this  review  is  as  follows : — 

"The  Fifth  Annual  Convention  and  Exposition  of  the 
American  Society  for  Steel  Treating  at  Pittsburgh  the  week 
of  October  8  was  a  great  success  from  every  viewpoint. 
It  was  well  attended,  the  papers  presented  at  the  technical  ses- 
sions were  excellent  and  the  discussions  following  these  papers 
were  lively.  The  exposition  was  one-third  larger  than  last 
year  and  was  visited  by  60,000  persons. 

"The  steel  exposition  was  held  at  Motor  Square  Garden, 
which,  though  6  miles  from  the  William  Penn  hotel,  the  con- 
vention headquarters,  proved  to  be  an  excellent  building  for 
such  an  exhibit.  Gas,  air  and  electricity  were  available,  and 
consequently  a  large  portion  of  the  exhibit  consisted  of  actual 
industrial  operations.  Real  progress  in  heating  methods,  test- 
ing methods,  control  devices,  heat-resisting  metals  and  other 
refractories  was  evident." 
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FIFTH    ANNUAL    CONVENTION    AND    EXPOSITION 

BEYOND  all  fear  of  contradiction,  the  Fifth  Annual  Conven- 
tion and  Exposition  of  the  American  Society  for  Steel  Treat- 
ing held  in  Pittsburgh,  Oct.  8  to  12,  was  an  unqualified  success. 
From  the  standpoint  of  the  quality  and  number  of  exhibits  at  the 
exposition,  the  high  quality  of  technical  and  practical  papers  pre- 
sented at  the  technical  sessions,  and  the  unprecedented  attendance 
of  members  and  guests,  mark  this  convention  as  unequalled  by  all 
previous  ones. 

The  members  of  the  Pittsburgh  chapter  are  to  be  congratulated 
upon  the  very  successful  way  in  which  they  did  their  part  toward 
the  success  of  the  convention  and  exposition.  It  was  largely  due 
to  the  untiring  efforts  of  all  of  the  Pittsburgh  chapter  members 
that  the  convention  and  exposition  was  such  a  decided  success, 
proving  to  be  of  great  interest  not  only  to  the  technical  man  but  to 
the  practical  man  as  well. 

The  number  and  variety  of  exhibits  at  this  convention  was 
fully  one-third  larger  than  the  number  exhibiting  at  the  Detroit 
convention  last  year,  and  the  amount  of  floor  space  used  in  pre- 
senting the  exhibits  was  fully  50  per  cent  larger  than  that  used 
last  year.  The  exhibits  were  assembled  on  the  main  floor  and 
subfloor  of  Motor  Square  Garden,  the  booths  in  the  subfloor  hav- 
ing an  Egyptian  setting.  One  of  the  main  features  of  the  subfloor 
was  that  of  an  exact  replica  of  the  tomb  and  mummy  of  the 
ancient  Egyptian  ruler.  King  Tutankhamen.  The  main  floor  was 
very  artistically  decorated  and  presented  a  most  attractive  and 
pleasing  picture.  Many  live  exhibits  were  in  operation.  Music 
was  furnished  both  afternoon  and  evening  by  a  large  band  on  the 
main  floor  and  by  an  orchestra  on  the  subfloor. 

For  those  who  were  unable  to  be  in  attendance  at  the  Pitts- 
burgh convention,  an  outline  of  the  activities  undoubtedly  will  be 
of  interest.  The  principal  technical  papers  were  presented  at  the 
morning  sessions  in  the  ball  room  of  the  William  Penn  hotel.  The 
exhibition  hall  was  open  in  the  afternoon  and  evening  only,  so  that 
the  members  and  exhibitors  might  have  the  opportunity  of  attend- 
ing the  technical  meetings.  The  opening  meeting  and  first  technical 
session  was  held  at  10  a.  m.  on  Monday,  Oct.  8,  at  which  time 
W.  J.  Merten,  chairman  of  the  Pittsburgh  chapter  presided.    After 
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an  address  of  welcome  by  Mr.  Mertcn,  J.  Trautman  Jr.,  general 
chairman  of  the  Pittsburgh  chapter  convention  committees  gave  an 
address  of  welcome  on  behalf  of  the  committee ;  following  Mr. 
Trautman  was  H.  M.  Irons,  representative  of  Mayor  William 
Magee,  who  welcomed  the  society  to  Pittsburgh.  A.  L.  Humphrey, 
President  of  the  Pittsburgh  Chamber  of  Commerce  then  gave  an 
address  of  welcome  on  behalf  of  the  industries  of  Pittsburgh. 
President  Tillman  Danis  Lynch  of  the  American  Society  for  Steel 
Treating  then  gave  a  speech  in  response  to  the  previous  speakers, 
thanking  them  for  their  very  cordial  welcome  to  the  Steel  City. 
After  the  preliminary  speeches,  the  meeting  then  entered  into  its 
technical  session,  the  program  consisting  of  the  following  papers : 

The  Manufacture  of  Automobile  Leaf  Springs — C.  G.  Shontz, 
metallurgis't,  Perfection  Spring  Co.,  Cleveland.    (Presented  by  title.) 

Metallography  and  Testing  of  Oxyacetylene  Welds — J.  R. 
Dawson,  research  metallurgist.  Union  Carbide  &  Carbon  Research 
Laboratories,  Inc.,  Long  Island  City.  N.  Y.t 

Some  Observations  on  Furnaces  and  Fuels,  Including  the 
Electric  Furnace  for  Heat  Treating — E.  F.  Collins,  consulting 
engineer,  General  Electric  Co.,  Schenectady,  N.  Y. 

The  Tempering  of  Tool  Steels — J.  P.  Gill  and  L.  D.  Bowman, 
metallurgists,  Vanadium-Alloys    Steel   Co.,   Latrobe,   Pa. 

Abnormal  Grain  Groivth  in  Cold-Rolled  Loiv-Carbon  Steel — 
V.  E.  Hillman  and  F.  L.  Coonan,  metallurgist  and  assistant  metal- 
lurgist, Crompton  &  Knowles  Loom  Works,  Worcester,  Mass.  (Pre- 
sented by  title.)* 

The  official  opening  of  the  exhibition  was  at  1  p.  m.  All  regis- 
tration of  members  and  guests  took  place  at  Motor  Square  Garden. 
At  3 :30  p.  m.  the  afternoon  technical  session  was  held  in  the 
meeting  room  at  Motor  Square  Garden.  The  program  for  this  tech- 
nical session  is  as  follows : 

The  Annealing  of  Sheet  Steel — Francis  G.  W^hite,  metallurgical 
engineer,  National  Enameling  &  Stamping  Co.,  Granite  City,  111.** 

Automobile  Sheet  Steel  Specifications — H.  M.  Williams,  metal- 
lurgist. General  Motors  Research  Corp.,  Dayton,  O. 


tPublished  in  October,   1923,  Tbaxsactioxs„  page  467. 
*Publ)sheci    in    August,    1923,    TraxsactionSj    page    162. 
••Published  in  August,    1923,   Trassactioss,   page   121. 


TRANSACTIOSS   OF 

556  AMERICAN  SOCIETY  FOR  STEEL   TREATING  November 

Tuesday,   Oct.   9 

Tuesday  morning  at  9  ".30,  the  morning  technical  session 
was  opened  by  the  chairman,  A.  H.  d'Arcambal.  The  program  for 
this  session  was  as  follows : 

Measurement  of  Carbon  Penetration  in  Carhurized  Steels — S.  P. 
Rockwell,  consulting  metallurgist,  Hartford,  Conn.,  and  Frederick 
Downs,  chemist.  New  Britain  Machine  Co.,  New  Britain,  Conn. 

Case  Hardening  and  Other  Heat  Treatments  as  Applied  to 
Gray  Cast  Iron — H.  B.  Knowlton,  instructor.  Central  Continuation 
school,   Milwaukee.* 

The  Influence  of  Barium  Carbonate  upon  Wood  Charcoal 
.Used  for  Cementation — B.  F.  Shepherd,  IMetallurgical  department, 
Ingersoll-Rand  Co.,  Phillipsburg,  N.  J. 

Salt  Baths  and  Containers — Sam  Tour,  metallurgist,  Doehler 
Die  Castings  Co.,  Brooklyn,  N.  Y. 

The  Thermal  Treatm-ent  of  the  Light  Alloys  of  Aluminum  and 
Copper — A.  M.  Portevin  and  Francois  LeChatelier,  Paris,  France. 
(Presented  by  title.) 

At  3  :30  p.  m.  a  Round  Table  discussion  under  the  direction  of 
the  Standards  committee  was  called  to  order  by  Chairman  R.  M. 
Bird  in  the  meeting  room  at  Alotor  Square  Garden.  At  9 :30  p.  m. 
the  annual  smoker  and  entertainment,  sponsored  by  the  members 
of  the  Pittsburgh  chapter  was  held  in  the  ball  room  of  the  William 
Penn  hotel.  This  entertainment  was  attended  by  large  numbers 
of  members  and  guests  and  the  vaudeville  stunts  which  were  pre- 
sented were  indeed  interesting  and  entertaining.  The  members 
of  the  American  Society  for  Steel  Treating  look  forward  each  year 
to  the  smoker  and  we  are  sure  that  this  year's  program  did  credit 
to  the  members  in  charge  of  arrangements. 

Wednesday,  Oct.  10. 

The  annual  meeting  of  the  society  was  held  at  9 :30  a.  m. 
on  Wednesday,  Oct.  10,  in  the  ball  room  of  the  William  Penn  hotel, 
president  T.  D.  Lynch  presiding.  As  the  first  order  of  business, 
President  Lynch  requested  that  each  of  the  cliapter  delegates  arise 
and  announce  their  names  for  the  stenographer's  report.  Twenty- 
four  chapters  were  represented  by  official  delegates. 

'Published  in  October,    1923,   Traxsactions^   page   494. 
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The  next  order  of  business  on  the  program  was  the  report 
from  the  tellers  of  election  which  was  read  by  C.  G.  Shontz,  chair- 
man of  the  committee.  The  result  of  the  balloting  was  published 
on  page  449  in  the  October  issue  of  Transactions.  The  newly 
elected  officers  are  as  follows :  for  president,  one  year,  Dr.  George 
K.  Burgess,  director  of  the  Bureau  of  Standards,  Washington ;  for 
second  vice  president,  two  years,  Robert  M.  Bird,  engineer  of  tests, 
Bethlehem  Steel  Co.,  Bethlehem,  Pa. ;  for  treasurer,  two  years, 
Dr.  Zay  Jeffries,  research  bureau.  Aluminum  Co.  of  America, 
Cleveland ;  for  director,  two  years,  J.  Fletcher  Harper,  research  en- 
gineer, AUis-Chalmers  Mfg.  Co.,  Milwaukee.  After  the  tellers' 
report,  president  Lynch  called  for  the  newly  elected  officers  to 
arise  so  that  they  could  be  officially  introduced  to  the  membership. 

President  Lynch  then  presented  his  annual  report  of  the 
activities  of  the  American  Society  for  Steel  Treating  for  the  year 
1922-23,  which  is  published  in  full,  commencing  on  page  571 
of  this  issue  of  Tila.nsactions. 

Upon  the  conclusion  of  the  report,  the  meeting  then  extended 
a  hearty  vote  of  thanks  to  President  Lynch  for  his  report  and 
very   capable  leadership   during  the   past   year. 

The  next  order  of  business  was  the  report  of  J.  V.  Emmons, 
national  treasurer  of  the  society,  who  read  and  interpolated  his 
financial  report  for  the  last  fiscal  year.  Mr.  Emmons'  report  is 
as  follows : 

"In  reporting  the  financial  status  of  the  society,  attention  is 
first  called  to  the  Certified  Financial  statement  for  the  year  1922  as 
published  in  the  Transactions  of  May,  1923.  This  statement 
was  the  most  complete  ever  published  by  our  society  and  in  fact 
was  more  complete  in  detail  than  any  statement  that  has  come  to 
my  knowledge  from  other  societies. 

"Since  the  last  annual  meeting,  the  sum  of  $3,000  was  set 
aside  by  the  board  of  directors  for  the  principal  of  the  Henry 
Marion  Howe  Medal  fund.  The  sum  of  $10,000  was  set  aside 
from  the  proceeds  of  the  1922  convention  as  a  permanent  conven- 
tion reserve,  in  order  to  fortify  the  society  against  disaster  from 
a  financially  unsuccessful  convention.  The  principal  of  these  two 
funds  was  invested  in  United  States  government  bonds. 

"During  the  year  1922,  the  society  not  only  lived  with  its  in- 
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come,  but  made  substantial  additions  to  its  reserves  and  surplus. 

"At  the  beginning  of  the  year  1923,  the  finance  committee 
established  a  budget  of  expected  receipts  and  expenditures  for  the 
year  based  upon  our  experience  for  1922.  This  budget  was  sub- 
divided by  the  treasurer  into  monthly  items. 

"The  following  is,  therefore,  a  report  of  progress  for  the  first 
eight  months  of   1923 : 

"The  budget  expected  receipts,  exclusive  of  convention,  for  the 
eight  months  ending  Sept.  1,  to  be  $33,084  with  expenditures  of 
$32,559.  The  actual  receipts  were  $'37,270.01  with  actual  expendi- 
tures of  $34,963.50.  The  receipts  were,  therefore,  $4186.01  or  12 
per  cent  above  our  budget  expectations.  Our  expenditures  were 
$2404.50,  or  7.4  per  cent  above  our  budget  expectations.  Our  re- 
ceipts, therefore,  increased  faster  than  our  expenditures.  The 
surplus  on  Aug.  31  was  $11,406.38  of  which  $673.25  was  miscel- 
laneous accounts  receivable,  $3011.25  advertising  accounts  receiv- 
able, $2514.24  office  furniture  and  fixtures,  $962  inventory  of  paper 
and  bindery  stock,  $4245.64  working  cash." 

The  membership  unanimously  accepted  the  treasurer's  report 
and  extended  a  hearty  vote  of  thanks  to  him  for  the  very  capable 
service  he  rendered  during  his  two  years  in  office  as  treasurer  of 
the  American  Society  for  Steel  Treating. 

W.  H.  Eisenman,  national  secretary  of  the  society  then  pre- 
sented his  annual  report  which  is  published  in  this  issue  of 
Transactions,  commencing  on  page  578. 

The  report  of  the  national  secretary  was  unanimously  accepted 
by  the  membership  and  a  hearty  vote  of  thanks  was  extended  to 
him. 

The  next  order  of  business  on  the  program  was  the  report  by 
Robert  M.  Bird,  chairman  of  the  national  Standards  committee  of 
the  American  Society  for  Steel  Treating  who  reported  the  treatise 
on  pyrometry  by  Sub-committee  IV,  and  the  tentative  recommended 
heat  treating  practices  for  carbon  and  high-speed  tool  steels  of 
which  Sub-committee  I,  which  appeared  in  the  September,  1923, 
issue  of  Transactions  ;  likewise  he  reported  the  progress  made 
by  the  other  two  sub-committees,  namely  Sub-committee  II,  that  on 
the  general  heat  treatment  of  steels  and  Sub-committee  III  on  case 
hardening  of  steels. 
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Mr.  Bird  went  into  considerable  detail  pointing  out  some  of 
the  difficulties  that  the  various  committees  had  encountered  in 
carrying  out  their  work.  He  reported  that  during  the  round  table 
discussion  session  held  by  the  Standards  committee,  on  the  previous 
day,  many  of  the  problems  encountered  by  the  various  committees 
were  discussed  in  detail.  He  indicated  that  it  was  the  sense  of 
the  round  table  meeting  that  the  name  of  the  present  "Standards 
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committee"  be  changed  to  "Recommended  Practices  committee"  and 
that  this  opinion  would  be  given  to  the  Board  of  Directors,  for  con- 
sideration. 

He  also  pointed  out  that  the  three  national  societies  namely, 
The  American  Society  for  Testing  Materials,  The  Society  of  Au- 
tomotive Engineers  and  The  American  Society  for  Steel  Treating 
have  definitions  of  heat  treatment  terms  which  are  basically  in 
accord  with  each  other  but  differ  in  minor  details,  and  in  conse- 
quence a  Tri-Society  committee  was  made  up  of  a  representative 
from  the  controlling  committee  of  each  of  these  three  societies. 
This  Tri-Society  committee  has  met  at  frequent  intervals  (and 
through  correspondence)  in  an  eft'ort  to  establish  a  uniform  set  of 
heat  treatment  definitions.  Mr.  Bird  said  that  our  representative, 
John  E.   Halbing,  had  reported  to  the   Standards  committee  that 
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the   Tri-Society   committee   has  been   unable   to   arrive  at  a  con- 
clusion. 

Mr.  Bird  pointed  out  that  there  is  a  vital  need  for  a  common 
set  of  heat  treatment  definitions  and  that  it  was  his  opinion  that 
there  is  no  other  society  or  agency  under  which  the  work  of  at- 
taining such  a  set  of  definitions  falls  so  properly  as  it  does  to  the 
American  Society  for  Steel  Treating  and  it  was  his  hope  that  the 
society,  would  actively  undertake  this  proposition  during  the  next 
year. 

Following  Mr.  Bird's  report  a  motion  was  made  by  A.  W.  F. 
Green  that  it  is  the  consensus  of  opinion  of  the  meeting  that  the 
name  of  the  present  "Standards  committee"  be  changed  to  "Recom- 
mended Practices  committee"  and  that  this  suggestion  be  trans- 
mitted to  the  Constitution  and  By-Laws  committee.  A  short  dis- 
cussion was  then  held  concerning  the  differences  in  the  definitions 
of  various  heat  treating  terms.  A  vote  of  thanks  was  extended  to 
the  members  of  the  Standards  committee  and  its  Sub-committees  for 
their  very  capable  work  during  the  past  year. 

The  next  order  of  business  was  the  report  by  S.  M.  Havens, 
chairman  of  the  Constitution  and  By-Laws  committee  of  the 
American  Society  for  Steel  Treating,  who  outlined  in  considerable 
detail  the  work  that  this  committee  has  been  doing  the  past  year, 
pointing  out  that  it  is  advisable  for  this  society  to  revamp  its  pres- 
ent constitution  so  that  it  would  more  nearly  comply  with  the  laws 
of  the  principal  states  and  especially  the  state  of  Ohio,  under 
which  the  Society  is  incorporated,  and  as  a  result  the  committee 
had  drafted  a  proposed  Constitution  and  By-Laws  which  would, 
if  accepted  by  the  membership,  replace  the  one  which  we  are  now 
using.  This  proposed  draft  of  the  new  Constitution  and  By-Laws 
had  been  distributed  by  mail  to  all  members  of  the  society  during 
the  month  of  August.  Copies  of  the  "Proposed  Constitution  and 
By-Laws"  were  then  distributed  among  the  members  for  ready 
reference  in  respect  to  the  various  changes  therein  and  Mr.  Havens 
then  took  up,  point  by  point,  the  principal  variations  from  the 
present  constitution,  for  the  purpose  of  discussing  them.  He 
pointed  out  that  these  proposed  changes  in  the  constitution  are  not 
in  their  final  form  but  were  submitted  as  suggestions  for  the  dis- 
cussion and  approval  or  rejection  by  the  membership.  He  indi- 
cated that  while  the  Board  of  Directors  had  approved  the  draft 
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as  it  now  stands,  the  matter  of  adopting  it  rests  entirely  with  the 
membership  and  that  it  should  be  very  carefully  considered  and 
discussed  prior  to  its  adoption. 

Considerable  discussion  was  held  in  reference  to  the  changing 
of  the  Society's  name  due  to  the  fact  that  the  object  of  the  So- 
ciety which  originally  pertained  to  "the  promotion  of  the  arts  and 
sciences  connected  with  the  treatment  of  iron  and  steel"  had  been 
proposed  to  read  "the  promotion  of  the  arts  and  sciences  con- 
nected with  either  the  manufacture  or  treatment  of  metals,  or 
both.""  With  this  change  in  the  object  of  the  Society  activities  to  in- 
clude metals  other  than  iron  and  steel  it  was  suggested  that  the 
Society's  name  likewise  be  broadened.  Such  names  as  the  Ameri- 
can Society  for  Metal  Treating,  the  American  Metallurgical  Institute, 
the  American  Society  for  Steel  Treating  and  Metallurgy',  etc.,  were 
suggested.  The  majority  of  those  present  at  the  meeting  con- 
sidered it  inadvisable  to  make  any  change  in  the  name  of  the 
Society  at  the  present  time. 

Considerable  discussion  was  held  pertaining  to  Article  10  of 
the  proposed  constitution  relating  to  the  number  of  officers  and 
the  Board  of  Directors  of  the  Society.  The  delegates  from  the 
Detroit  chapter  proposed  certain  changes  with  reference  to  the 
method  of  the  selection  of  the  national  Nominating  committee. 
After  considerable  discussion  the  Detroit  delegates  withdrew  their 
proposals. 

Some  discussion  pertaining  to  the  selection  of  the  Nominating 
committee  ensued  and  a  motion  was  then  made  and  carried  that 
it  was  the  consensus  of  opinion  of  the  assembled  members,  that 
representation  on  the  national  Nominating  committee  of  the 
American  Society  for  Steel  Treating  should  be  by  chapters,  that  is, 
each  chapter  of  the  Society  should  be  represented  on  this  com- 
mittee. It  was  further  moved  and  approved  by  the  meeting  that  only 
one  representative  from  each  chapter  should  have  membership  on 
the  Nominating  committee.  These  motions  were  in  the  form  of 
recommendations  to  the  national  Constitution  and  By-Laws  com- 
mittee, with  authority  to  work  out  the  details  necessary  for  proper 
application  of  the  principle  involved. 

The  Wednesday  afternoon  technical  session  was  held  in  the 
meeting  room  of  Motor  Square  Garden  at  3  :30  under  the  chairman- 
ship of  J.  J.  Crowe.    The  program  for  this  session  was  as  follows : 
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The  Manufacture  of  Heavy  Forgings — W.  R.  Klinkicht,  fore- 
man,  heat   treating  department,   Pollak    Steel    Co.,    Cincinnati. 

Dctcnnining  Heat  Treating  Costs — H.  F.  Wood,  metallurgist, 
Wyman-Gordon  Co.,  Ingalls-Shepard  division,  Harvey,  111.  (Pre- 
sented by  title.) 

Practical  Heat  Treatment  of  Carbon,  Alloy  and  High-Speed 
Steel  Tools — J.  J.  Jones,  metallurgist,  Pittsburgh. 

Spark  Testing  of  Steel — Don  Stacks,  consulting  metallurgical 
engineer,  Hartford,  Conn.      (Presented  by  titl"e.) 

Some  Fundamental  Defects  of  Hardened  Steel — Dr.  Leslie 
Aitchison,  Birmingham,  England.    (Presented  by  title.) 

At  9:30  p.  m.  the  annual  informal  dance  of  the  Society  was 
held  in  the  Ball  room  of  the  William  Penn  Hotel.  This  party  was 
very  well  attended  and  all  spent  a  very  delightful  evening. 

Thursday,  Oct.   11 

The  morning  technical  session  was  held  in  the  Blue  room  of 
the  W' illiam  Penn  Hotel  and  was  called  to  order  at  9 :30 
by  Professor  H.  M.  Boylston.  The  following  papers  were  pre- 
sented at  this  session : 

Effect  of  Heat  Treatment  on  Lathe  Tool  Performance  and 
Some  Other  Properties  of  High-Speed  Steels*  by  H.  J.  French, 
Jerome  Straus  and  T.  G.  Digges  was  presented  by  H.  J.  French, 
physicist  of  the  Bureau  of  Standards. 

Secondary  Hardness  in  Austenitizcd  High  Chrom^ium  Steels, 
was  presented  by  E.  C.  Bain,  research  metallurgist,  Atlas  Steel 
Corp.,  Dunkirk,  N.  Y. 

The  Hardening  of  Steel**  by  Dr.  Zay  Jeflfries  and  R.  S. 
Archer,  Research  Bureau,  Aluminum  Co.  of  America,  was  pre- 
sented by  Mr.  Archer. 

Crystallisation  of  Iron  and  Its  Alloys,  by  Professor  Albert 
Sauveur,  professor  of  metallurgy,  Flarvard  University,  was  pre- 
sented by  title. 

Experiments  on  the  Effect  of  Temperature  on  the  Impact 
Resistance  of  a  Low-Carbon  Steel  Which  Has  Been   Worked  or 
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Deformed  at  Different  Temperatures  by  N.  Richardson  and  E.  K. 
MacNutt,  Watertown  Arsenal  Metallurgical  Laboratory,  was  pre- 
sented by  title. 

At  2 :30  p.  m.  the  Hardness  Testing  Symposium  under  the 
auspices  of  the  National  Research  Council  and  the  chairmanship 
of  A.  E.  Bellis,  was  held  in  the  meeting  room  at  Motor  Square 
Garden.  The  following  papers  were  presented.  All  but  the  first 
one  was  published  in  the  September  issue  of  Transactions  : 

The  Herbert  Pendulum  Hardness  Tester — E.  G.  Herbert,  Eng- 
land. 

The  Hardness  of  "Common  High"  Sheet  Brass — A.  L.  Davis, 
metallurgist,  Scovill  Mfg.  Co.,  Waterbury,  Conn. 

Magnetic  Indications  of  Hardness  and  Brittlencss — A.  V.  de- 
Forest,  Research  department,  American  Chain  Co.,  Bridgeport, 
Conn.  *■ 

Testing  of  Steel  for  Hardness — H.  M.  German,  metallurgist, 
Henry  Disston  &  Sons,  Inc.,  Philadelphia. 

The  exposition  closed  at  5  :30  p.  m.  and  the  annual  banquet  of 
the  Society  was  held  during  the  evening  in  the  English  room  of 
the  Fort  Pitt  Hotel.  This  banquet  was  exceedingly  well  attended 
as  evidenced  by  the  accompanying  photograph.  At  the  speaker's 
table  were  seated  the  officers  and  guests  of  honor  of  the  Society 
including  Governor  Gifford  Pinchot  and  Captain  Irving  H.  O'Hay. 
After  the  dinner  had  been  served  President  Lynch  opened  the 
meeting  with  a  few  remarks  and  then  introduced  each  of  the 
newly  elected  officers. 

Presentation  of  the  First  Henry  Marion  Howe  Medal  to 

Mrs.    Howe 

President  Lynch  made  the  following  remarks  in  presenting 
the  first  medal  to  the  Society's  honored  guest,  Mrs.  Henry 
Marion  Howe,  widow  of  our  esteemed  and  beloved  Honorary 
member,  Doctor  Henry  Marion  Howe : 

"The  Board  of  Directors  of  the  American  Society  for  Steel 
Treating  realize  that  man  needs  special  incentive  to  develop  and 
prepare  for  publication  new  and  useful  ideas.  They  also  realize 
that  one  of  the  best  incentives  for  this  type  of  work  is  something 
that  brings  to  an  author  recognition  and  honor.  They  have,  there- 
fore, made  provision  for  an  honor  gold  medal  to  be  known  as  the 
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Henry  Marion  Howe  Medal.  This  medal  is  to  be  awarded  to  the 
author  of  the  paper  which  shall  be  judged  to  be  of  the  highest 
merit. 

"All  papers  in  order  to  be  considered  must  be  published 
originally  in  the  Transactions  of  the  Society,  during  the  twelve 
months  ending  August  1  of  each  year  in  which  the  medal  is 
awarded. 

"The  competition  for  the  Henry  Marion  Howe  Medal  shall  be 
open  to  all.  The  award  shall  be  made  by  the  Board  of  Directors. 
The  award  may  be  withheld  at  the  discretion  of  the  Board  of  Di- 
rectors. 

"Dr.  Henry  Marion  Howe  in  whose  honor  this  medal  is 
given  was  a  son  of  a  noted  physician  of  research  type  who  was 
also  a  great  philanthropist.  His  mother,  Julia  Ward  Howe,  was 
a  leader  in  the  abolition  of  slavery  and  is  perhaps  best  known 
to  the  American  people  as  the  author  of  the  Battle  Hymn  of  the 
Republic. 

"Dr.  Howe  was  so  well  known  and  received  degrees  and 
honors  from  so  many  and  varied  sources  that  it  is  only  possible 
to  mention  a  few. 

Elliott  Cresson  Gold  Medal,  Franklin  Insti- 
tute—1895. 

Bessemer  Medal,  British  Iron  and  Steel  In- 
stitute—1895. 

Chevalier    Legion    d'Honneur    of     France^ 
1900. 

Knight  of  Stanislas,  Russia — 1906. 
John    Fritz    Medal— 1917. 

"He  was  widely  known  through  his  scientific  books  and  tech- 
nical papers  today  universally  accepted  as  text  books,  a  constant 
attendant  at  our  meetings  and  his  contributions  to  the  discussions 
were  always  timely  and  stimulating.  He  was  a  master  in  presiding 
over  and  directing  meetings — in  expressing  his  thoughts  in  simple, 
forceful  language — a  man  of  keen  vision  and  power  of  observa- 
tion— a  friend  and  an  inspiration  to  all  who  knew  him. 

"On  behalf  of  the  Board  of  Directors,  I  have  the  honor  of 
presenting  the  first  medal,  struck  in  bronze,  from  the  die  from 
which  the  gold  medal  is  made  to  Mrs.  Henry  Marion  Howe,  who 
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was  recognized  by  Dr.  Howe  as  an  inspiration  and  co-worker,  and 
who  always  accompanied  him  in  his  travels  in  this  country  and 
abroad. 

Presentation  of  the  Henry  M.  Howe  Medal  to  Mr.  Janitzky 

"On  behalf  of  the  Board  of  Directors,  I  have  the  honor  of 
presenting  the  first  Henry  Marion  Howe  Gold  Medal  for  1922 
to  Emanuel  J.  Janitzky  for  his  paper,  entitled,  the  Influence  of  Mass 
in  Heat  Treatment." 


The    Henry     Marion    Howe     McJal 

The  meeting  was  then  turned  over  to  the  toastmaster,  George 
H.  Neilson,  who  presented  the  awards  to  those  school  children  con- 
testants who  had  won  honors  in  the  recent  essay  writing  contest 
conducted  by  the  Pittsburgh  Post  and  the  American  Society  for 
Steel  Treating,    pertaining  to   the   steel   industry   of    Pittsburgh. 

Toastmaster  Neilson  then  introduced  the  speaker  of  the  eve- 
ning, Captain  Irving  H.  O'Hay,  hero  of  many  wars  and  the  hero 
of  Richard  Harding  Davis'  novel,  "The  Soldier  of  Fortune."  Cap- 
tain O'Hay  served  in  the  World  war  with  the  "Princess  Pats"  and 
later  with  the  American  Expeditionary  forces.  Captain  O'Hay 
gave  a  wonderfully  interesting  talk  upon  his  adventures  around 
the  world,  combining  humor  and  wit  with  facts  and  conditions  of 
life  as  he  finds  them. 

Governor    Pinchot    having   arrived    later   in    the    evening    was 

*The  Society  wishes  to  acknowledge  tlie  valuable  courtesy  of  R.  Wallace  and 
Sons  Manufacturing  Co.,  of  \\'allingford.  Conn.,  for  the  desipning  and  striking  of 
the  Henry  Marion  Howe  MedaJ,  and  to  the  Keller  Mechanical  Engineering  Corp. 
of    Brooklyn    for    the    preparation    of    the    model    and    the    cutting    of    the    dies. 
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then  introduced  and  gave  a  brief  address  pertaining  largely  to  the 
political  situations  in  the  state  of  Pennsylvania. 

W.  H.  Eisenman,  national  secretary  of  the  American  Society 
for  Steel  Treating  then  extended  words  of  appreciation  and  thanks 
to  the  various  Convention  committees  and  to  the  entire  member- 
ship for  their  loyal  support  in  making  the  Fifth  Annual  Conven- 
tion a  success.  In  closing  he  announced  the  presentation  of  a  medal 
to  be  known  as  the  Past-President's  ^ledal  to  the  retiring  president, 
Tillman  Danis  Lynch. 

The   meeting  adjourned   at    11:30  p.   m. 

Friday,  Oct.  12 

The  Friday  morning  technical  session  was  held  at  9 :30  in 
the  Ball  room  of  the  William  Penn  Hotel,  Dr.  Paul  D.  Merica, 
being  chairman  of  this  session.  The  technical  papers  program  for 
this  session  was  as  follows : 

Carbon  and  Carbon-Vanadium  Steel  Castings — A  Comparsion 
■ — J.  M.  Lessells,  mechanical  engineer,  Westinghouse  Electric  & 
Mfg.  Co.,  East  Pittsburgh,  Pa. 

Investigation  of  the  Treatment  of  Steel  for  Permanent  Mag- 
nets— R.  L.  Dowdell,  Instructor  in  Metallography,  University  of 
Minnesota,  Minneapolis. 

Protective  Coatings  for  Selective  Carburization — J.  S.  Vanick 
and  H.  K.  Herschman,  metallurgist  and  assistant  physicist,  Bureau 
of  Standards,  Washington.* 

The  Physical  Properties  of  Metals  at  Elevated  Temperatures 
— Vincent  T.  I^Ialcolm,  metallurgist.  Chapman  Valve  Mfg.  Co., 
Indian  Orchard,  Mass. 

The  Seasoning  of  Steel — W.  P.  Wood,  Department  of  Metal- 
lurgy,   University    of    Michigan,    Ann    Arbor,    Mich.** 

Conical  Illumination  in  Metallography — H.  S.  George,  Union 
Carbide  &  Carbon  Research  Laboratories,  Inc.,  Long  Island  City, 
N.  Y.f 

The  Theory  in  Quenching  Steels — Kotaro  Honda,  Tohoku 
Imperial  University,  Sendai,  Japan.   (Presented  by  title.) ft 

At  2  p.  m.,  the  Symposium  on  Metallurgical  Education  was 

•Published    in    September,    1923,    Tran'sactioxs,    page    305. 
•'Published  in  October,   1923,  Trassactions.,  page  488. 
tPublished   in   August,   1923,   Traxsactions,   page   140. 
tfPublished  in  October,   1923,   Transactioxs,  page  450. 
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held  in  the  meeting  room  at  Motor  Square  Garden  under  the 
chairmanship  of  Professor  S.  L.  Goodale.  Considerable  interest 
has  been  shown  in  this  annual  symposium  and  it  is  felt  that  as 
evidenced  by  this  interest  it  is  a  session  which  should  be  fostered 
and  held  each  year  during  the  Annual  Convention. 

At  4 :30  p.  m.  Committee  A-4  of  the  American   Society  for 


A  Booth  on  the  Main  Floor  of   Motor   Square   Garden 
(Courtesy  of  Iron  Trade  Review) 

Testing   Materials   under   the   chairmanship   of    Professor   H.    M. 
Boylston  held  a  meeting  at   Motor  Square   Garden. 
At  10  p.  m.  the  exposition  officially  closed. 

Plant  Visitation 

Many  members  and  guests  availed  themselves  of  the  oppor- 
tunity of  visiting  various  plants  in  and  around  Pittsburgh.  The 
plants  which  were  officially  scheduled  for  visitation  were  the 
Westinghouse  Electric  &  Mfg.  Co.  on  Tuesday  afternoon,  the 
Homestead  Works  of  the  Carnegie  Steel  Co.  on  Wednesday  after- 
noon and  the  National  Tube  W^orks,  McKeesport,  Pa.,  on  Friday 
afternoon.  All  of  these  plant  visitations  were  very  well  attended 
and  proved  of  great  interest  to  those  who  had  the  privilege  of 
attending. 

Visiting  Ladies  Entertainment 

The  visiting  ladies  were  royally  entertained  by  the  Pittsburgh 
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Entertainment  committee  under  the  chairmanship  of  J.  A.  Succop, 
and  the  ladies  auxiHary  committee  and  they  enjoyed  many  hours  of 
sight-seeing  in  and  around  Pittsburgh. 

The  ladies  registered  immediately  upon  their  arrival  in  Pitts- 
burgh for  the  purpose  of  indicating  those  activities  in  which  they 
desired  to  participate.     The  first  activity  was  a  luncheon   served 


A    Booth   on    the   Sub    Floor   of   Motor    Square    Garden 
(Courtesy   of   Iron   Trade   Review) 

on  Monday,  Oct.  8  at  1  p.  m.  in  the  Blue  Room  of  the  William 
Penn  Hotel.  This  was  followed  by  an  auto  ride  through  the  city. 
In  the  evening  the  ladies  visited  the  exposition  at  Motor  Square 
Garden.  Tuesday  afternoon  the  ladies  were  entertained  at  a  tea 
at  the  Margaret  Morrison  Home,  Carnegie  Institute.  In  the  eve- 
ning they  were  entertained  at  a  theater  party.  Wednesday  morning 
at  10:00  the  ladies  vjsited  the  H.  J.  Heinz  Company's  pickle  factory 
and  after  exploring  the  factory  had  luncheon  there.  Wednesday 
evening  they  attended  the  annual  dance  of  the  Society  in  the  Ball 
Room  of  the  William  Penn  Hotel.  Thursday  afternoon  was  de- 
voted to  a  reception  to  Mrs.  Henry  Marion  Howe,  while  in  the 
evening  they  attended  the  annual  banquet  of  the  Society  which 
was  held  at  the  Fort  Pitt  Hotel. 

From  all  reports  the  ladies  had  a  most  enjoyable  time  through- 
out the  week. 


THE  PRESIDENT'S  ANNUAL  ADDRESS 
Tillman  Danis  Lynch 

Introduction 

The  American  Society  for  Steel  Treating  has  added  an- 
other year  of  progress  to  its  history.  Its  accomplishments  are 
not  all  that  we  could  wish,  but  as  we  must  learn  by  experience, 
we  trust  that  our  shortcomings  may  be  a  signal  and  our 
achievements  an  inspiration  for  a  higher  and  nobler  plane  of 
activities. 

Our  society's  goal  is  worthwhile,  its  field  of  activity  is 
unique  and  it  has  a  very  important  task  to  perform  by  com- 
bining our  thoughts  and  experiences  for  the  advancement  of 
not  only  our  membership  but  to  serve  mankind. 

Let  us  review  briefly  the  activities  of  the  year.  These  ac- 
tivities are  effective  through  our  chapters,  our  committees,  our 
national  board  and  the  Transactions.  Our  chapter  meetings 
give  us  the  personal  work  and  individual  contact  which  re- 
sults in  co-ordinated  efforts.  Our  committees  are  instruments 
for  bringing  into  more  constructive  and  definite  form  such 
general  information,  recommended  practices  and  standards  as 
will  assist  our  membership,  advance  our  organization  and  es- 
tablish permanently  the  work  that  is  accomplished. 

■    Membership 

Our  membership  continues  to  grow,  as  is  shown  by  our 
National  Secretary's  report  with  18.7  per  cent  increase  for 
the  year. 

It  has  been  the  purpose  and  policy  of  the  directors  to 
recognize  in  our  membership  only  those  who  take  some  part 
in  the  Society's  activities,  at  least  that  of  assisting  in  its  sup- 
port. This  membership  list  is,  therefore,  a  real  one,  including 
only  those  who  are  in  good  standing  or  whose  dues  are  in  no 
case  more  than  3  months  in  arrears. 

Chapters 

Our  chapters  are  28  in  number,  the  same  as  last  year.  The 
chapter  at  Bridgeport,  Conn.,  has  been  discontinued  and  a  new 
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one  has  been  organized  at  Los  Angeles,  Cal.  Reports  from 
this  new  chapter  are  very  encouraging  and  its  members  are 
showing  a  healthy  active  spirit. 

The  chapters,  in  general,  are  demonstrating  the  good  that 
comes  to  our  members  from  personal  contact,  exchange  of 
ideas  and  experience  and  the  work  accomplished  by  each 
chapter  and  its  members  is  in  direct  proportion  to  the  activity 
of  its  members  in  taking  advantage  of  the  opportunities  thus 
afforded  to  discuss  both  the  personal  and  general  problems 
taken   up. 

In  former  years,  the  president  visited  all  chapters,  but 
this  year  a  different  plan  was  tried  out,  viz.,  each  member  of 
the  Board  of  Directors  was  assigned  two  or  more  chapters  to 
visit  officiall}'^  and  to  make  a  written  report  to  the  Board. 
These  reports  give  the  personnel,  financial  condition  and  ac- 
tivities of  the  various  chapters. 

It  is  estimated  that  the  attendance  at  our  chapters  for  the 
year  has  been  more  than  20,000 — a  good  demonstration  of  the 
opportunity  given  to  our  members  and  friends  to  profit  by 
the   exchange   of   ideas. 

Sectional  Meetings 

There  have  been  two  sectional  meetings  held  during  the 
year,  one  with  the  Chicago  chapter  in  February  and  the  other 
with  the  Lehigh  Valley  chapter  in  June.  The  programs  for 
these  two  meetings  were  prepared  by  the  respective  chap- 
ters and  the  papers  presented  were  of  the  highest  type.  Visits 
were  made  to  local  manufacturing  plants  where  members  were 
shown  special  courtesies.  These  meetings  brought  together 
many  men  from  different  chapters  and  especially  those  mem- 
bers located  nearest  the  chapter  where  these  meetings  were 
held,  who  would  not  otherwise  have  been  brought  together ; 
and  the  great  interest  shown,  indicates  that  these  sectional 
meetings  should  be  continued. 

It  has  become  apparent  however  that  some  of  the  smaller 
chapters  have  refrained  from  having  sectional  meetings  held  in 
their  locality  on  account  of  the  added  cost  of  such  a  meeting 
to  the  chapter.  The  Board  has  therefore  decided  that  the 
national    office    should    provide    for    the    expense    incidental    to 


1923  PRESIDENT'S   ADDRESS  573 

the  holding  of  at  least  two  sectional  meetings  each  year  and  it 
is  hoped  that  no  chapter  will  refrain  from  entertaining  a  sec- 
tional meeting  on  account  of  the  cost. 

Committees 

Some  of  our  National  committees  have  done  splendid 
work  while  others  have  not  been  especially  active.  The 
Standards  committee  is  an  example  of  one  that  has  done  a 
real  work. 

The  planning  of  this  committee  was  a  little  different  from 
that  of  former  years. 

The  main  membership  was  made  up  of  a  general  chair- 
man and  four  members.  Each  member  was  made  chairman 
of  a  sub-committee  on  recommended  practices  of  an  assigned 
subject.  These  sub  committees  were  localized  in  limited  zones 
to  enable  them  to  get  together  as  separate  working  committees. 

Sub-Committee  I — Treatment  of  Tool  Steel — W.  J.  Mer- 
ten,  Chairman,  was  located  in  the  Pittsburgh  district.  Their  re- 
port is  published  in  September,  1923,  Transactions  and  is  real 
evidence  of  work  done. 

Sub-Committee  II — Treatm,ent  of  Steels  General  (not  in- 
cluding Tool  Steel) — F.  E.  McCleary,  Chairman,  located  in  De- 
troit district.     A  progress  report  is  made. 

Sub-Committee  III — Case  Hardening — R.  J.  Allen,  Chair- 
man, located  in  New  England.  A  progress  report  is  made. 

Sub-Committee  IV — Pyromctry — J.  H.  G.  Williams,  Chair- 
man, located  in  Philadelphia  district.  This  report  is  published 
in  September,  1923,  Transactions  and  includes  "Notes  on  Ther- 
moelectric Pyrometers  and  Instructions  for  Their  Use  in  Heat 
Treating  Steel."  The  data  given  in  this  document  is  beyond 
doubt  the  most  thorough  and  comprehensive  so  far  in  print, 
and  this  society  may  well  be  proud  to  have  fostered  its  pro- 
duction. 

Finance   Committee 

The  Finance  committee  has,  during  the  past  year,  exercised 
general  supervision  over  the  financial  policies  of  the  society. 
It  supervised  the  closing  of  the  books  for  the  fiscal  year  of 
1922    and    recommended    to    the    Board    of    Directors    suitable 
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charges  to  be  made  for  depreciation  and  bad  debts.  It  made 
recommendations  as  to  the  amount  and  investment  of  the 
various  reserves  of  the  society  which  were  in  general  ap- 
proved by  the  board.  It  recommended  and  upon  approval 
by  the  board  put  into  effect  a  more  equitable  distribution  of 
office  expenses. 

The  committee  caused  the  books  of  the  Secretary  and 
Treasurer  to  be  audited  by  a  certified  public  accountant,  a  copy 
of  their  certificate  being  published  in  the  May,  1923,  Transactions. 

It  prepared  a  budget  for  the  year  1923  which,  after  minor 
changes,  was  approved  by  the  Board  of  Directors.  The  com- 
mittee gave  careful  supervision  over  the  operation  of  the 
budget  which  has  been  adhered  to  within  very  close  limits. 

This  committee,  as  you  will  note,  has  given  its  efforts  to 
providing  solidarity  and  security  of  our  funds. 

Constitution   and   By-Laws    Committee 

The  constitution  and  by-laws  committee  was  commissioned 
by  the  Board  of  Directors  to  revise  and  rewrite  the  constitu- 
tion and  by-laws  of  the  society.  This  committee  has  given 
much  time  and  painstaking  thought  to  this  work,  resulting  in 
a  rewritten  document.  The  entire  Board  gave  a  full  day  to 
its  consideration  section  by  section  before  ordering  it  to  be 
printed  and  sent  to  the  membership  in  a  tentative  form  for 
their  comments  and  constructive  criticisms.  It  is  hoped  that 
the  membership  at  large  will  render  all  possible  assistance  in 
making  this  document  just  what  it  should  be.  Mr.  Havens, 
the  chairman  of  the  committee,  will  make  a  progress  report  at 
this  convention. 

The  Board  of  Directors  has  held  five  meetings  during  the 
year  1922-1923,  the  first  at  Detroit  at  the  close  of  the  conven- 
tion to  talk  over  the  general  plans  for  the  year ;  and  the  second 
at  the  national  office,  Cleveland,  Ohio,  on  Oct.  27  at  which 
time  the  eight  standing  committees  and  four  sub-committees 
were   appointed. 

A  number  of  committees  have  been  appointed  during  the 
year  to  co-operate  with  other  organizations,  namely  National 
Research  Council,  Division  of  Engineering,  War  Department, 
United  States  Army,  Advisory,  Bureau  of  Standards,  Bureau  of 
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Mines,  Drill  Steel  Investigation,  On  Nomenclature  with  Amer- 
ican Society  for  Testing  Materials,  Society  of  Automotive  En- 
gineers, Sub-Committee  XIV  of  Committee  A-1-American  So- 
ciety for  Testing  Materials  on  Tool  Steel,  National  Research 
Council,  Instrument  Manufacturers  and  Users. 

The  third  meeting  was  held  at  Chicago  on  Feb.  9  during 
the  sectional  meeting;  the  fourth  meeting  at  Bethlehem  on 
June  16  during  the  sectional  meeting  and  the  fifth  at  Pitts- 
burgh during  the  convention. 

These  meetings  have  been  scheduled  so  as  to  accomplish 
the  greatest  benefits  for  the  good  of  the  society  with  the  least 
amount  of  time  and  mileage. 

All  members  of  the  Board  have  been  in  attendance  at  each 
of  these  meetings. 

Transactions 

Our  Transactions  have  continued  to  improve  under  the 
supervision  of  our  editor — Ray  T.  Bayless,  and  the  Publication 
committee  of  which  Prof.  H.  M.  Boylston  is  chairman. 

They  are  striving  continually  to  improve  the  tone  of  Trans- 
actions by  being  more  and  more  exacting  in  the  question  of 
acceptance  of  manuscripts. 

Our  Editor  has  devised  a  scheme  of  trimming  cuts  so  as  to 
reduce  the  cost  of  publishing  without  interfering  with  the 
proper  illustration  of  the  paper. 

Each  issue  includes  one  or  more  editorials  on  general  af- 
fairs of  interest  to  our  members. 

Beginning  with  the  July,  1923  issue,  a  new  style  of  type 
page  has  been  used  which  is  a  very  marked  improvement. 

Our  Transactions  is  now  recognized  as  one  of  the  best 
if  not  the  best  publication  of  its  kind.  The  papers  published 
in  recent  issues  and  being  presented  at  the  convention  rep- 
resent the  rapid  progress  that  is  being  made  and  provide  for 
our  membership  an  encyclopedia  of  up-to-the-minute  refine- 
ments in  the  art  and  science  of  heat  treating  metals. 

Data  Sheets 

The  problem  of  preparing  data  sheets  has  been  given  much 
thought.  The  National  Secretary's  report  will  show  the  prog- 
ress made. 
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Annual  Convention 

The  annual  convention  and  exposition  at  Detroit  last  Oc- 
tober set  up  a  standard  that  will  be  difficult  to  excel.  The 
Iron  Age  gave  expression  in  their  issue  following  the  conven- 
tion which  expresses  the  general  opinion  most  admirably, 
namely:  "An  unqualified  success  was  the  general  verdict  of 
those  who  attended  the  fourth  annual  convention  and  exposi- 
tion of  the  A.  S.  S.  T.  The  record  made  by  the  society,  only 
three  years  old,  both  in  technical  papers  and  in  exhibits,  in- 
sures it  a  place  among  the  leading  technical  organizations  in 
the  country  and  stamps  its  annual  meeting  as  one  to  be  looked 
forward  to  and  to  be  reckoned  with." 

The  Pittsburgh  Convention  is  now  a  reality,  it  is  100  per 
cent  educational  and  it  has  drawn  its  papers  from  among  the 
best  talent  in  this  country  and  also  from  England,  France  and 
Japan. 

The  Pittsburgh  Exposition  covers  Z2)  per  cent  greater  floor 
area  than  any  previous  exhibition  and  the  quality  and  char- 
acter of  the  exhibits  were  never  better.  We  are  advised  that 
this  is  the  first  time  that  both  floors  o{  Motor  Square  Garden 
have  been  fully  occupied.  The  Board  of  Directors  has  made 
a  change,  this  year,  in  the  method  of  financing  the  convention. 
The  exhibition  has  been  planned  on  a  self-sustaining  basis  and 
an  entertainment  fund  has  been  provided  from  the  rental 
receipts  so  that  special  donations  from  local  chapters  will  not  be 
necessary.  This  plan  has  in  general  been  carried  out  by  our 
National  Secretary  assisted  by  the  local  committees. 

The  chairman  of  our  local  convention  committee  has  in- 
stituted a  feature  that  is  worthy  of  special  mention.  He  has 
arranged  for  each  member  of  the  Pittsburgh  chapter  to  wear  a 
badge  with  the  words  "AT  YOUR  SERVICE"  printed  thereon. 
Let  this  emblem  remind  us  that  we  should  all  help  to  conduct 
the  afir'airs  of  this  organization  so  that  through  us,  it  may  ful- 
fill the  law  of  service.  May  w^e  each  be  mindful  of  the  fact 
that  we  are  put  upon  this  earth  to  be  of  service  to  each  other 
and  to  work  out  the  great  plan  of  life.  God  never  made  a  loaf 
of  bread,  but  he  made  man,  a  field,  and  gave  us  seeds  to  sow. 
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God  never  made  a  coat,  but  he  gave  us  the  sheep  to  grow 
wool  and  the  art  of  spinning  and  weaving. 

God  never  made  steel,  but  he  gave  us  iron  ore,  limestone 
and  coal. 

These  raw  products  are  ours  to  use  and  steel  is  ours  to 
heat  treat  according  to  the  laws  so  natural  and  so  definite. 

What  are  we  doing  as  individuals  and  as  an  organization 
to  be  of  real  service  in  working  out  the  great  plan  of  which 
we  form  a  part?  Let  our  efi'orts  be  co-ordinated  with  the 
efforts  of  others  so  that  we  may  continue  to  be  of  service  one 
to  the  other  and  all  to  the  fulfillment  of  this  plan. 

Conclusion 

In  concluding  this  term  of  office,  as  your  President,  I  de- 
sire, to  express  my  appreciation  for  the  support  so  freely  and 
effectively  given  by  our  members  at  large,  our  committees,  our 
chapters  and  our  Board  of  Directors.  All  have  given  much 
of  their  time  and  talent  to  the  aff'airs  of  the  society.  Last  but 
not  least,  I  appreciate  the  loyal  and  untiring  efforts  of  our  staff 
whose  full  time  is  devoted  to  the  society  work  and  w"hich  has 
made  it  possible  to  carry  on  not  only  the  extensive  work  at 
the  national  of^ce  but  to  edit  and  publish  our  Transactions  and 
carry  on  so  successfully  the  big  task  of  managing,  in  conjunc- 
tion with  our  local  committees,  our  annual  convention  and  ex- 
hibition. 

It  is  only  by  the  united  efforts  of  all,  guided  by  the  special 
eff'orts  of  your  officers  and  directors  elected  to  serve  you  that 
our  society  can  continue  its  growth  and  high  standing  among 
the  national   associations. 


ANNUAL  REPORT  OF  THE  SECRETARY 

William    Hunt    Eisenman  - 

The  Secretary  is  pleased  to  present  his  annual  report  which 
will  show  that  the  American  Society  for  Steel  Treating  has 
had  another  successful  year. 

The  majority  of  members  of  the  American  Society  for 
Steel  Treating  measure  true  value  not  by  what  they  get,  but  by 
the  service  they  are  able  to  give,  and  they  are  all  happy  at  the 
opportunity  of  sharing  their  success  with  others.  They  find  the 
greatest  satisfaction  in  knowing  they  have  been  of  service  to  the 
society  and  to  other  members.  Many  nonmembers  are  perfectly 
well  satisfied  to  enjoy  the  benefits  provided  for  them  by  others 
and  are  unwilling  to  do  any  part  in  elevating  or  maintaining  the 
standard  of  a  profession  in  which  they  are  engaged.  It  may 
be  true  of  some,  but  fortunately  not  of  many,  that  they  have 
no  ambition  for  personal  advancement  and  care  little  about  in- 
creasing their  own  efficiency  or  in  the  development  of  the  arts 
and  sciences  for  which  the  society  stands. 

Meetings 

The  sectional  and  annual  meetings  of  the  society  continue  to 
grow  in  importance  and  usefulness.  The  Chicago  sectional  meet- 
ing showed  a  registration  of  nearly  200,  and  the  sectional  meet- 
ing at  Bethlehem  showed  a  healthy  registration  of  167  members, 
while  the  registration  at  the  annual  convention  at  Detroit  last 
year  represented  over  40  per  cent  of  the  membership  and  was 
recognized  at  that  time  as  being  unparalleled  in  the  history 
of  American  technical  societies,  that  such  a  large  percentage  of 
the  members  should  be  enrolled  as  being  present  at  a  national 
convention.  The  meetings  of  the  local  chapters  have  continued 
to  grow  in  importance  and  in  general  benefits  to  the  membership 
and  to  increase  the  prestige  of  the  local  and  national  society. 

Too  much  credit  cannot  be  given  to  those  individuals  who 
have  presented  papers  before  the  various  chapters,  sectional  and 
annual  meetings,  for  the  large  amount  of  work  and  effort  that 
have  been  necessary  to  properly  present  their  subject  to  the 
technical  and  the  nontechnical  members  present. 

Probably  the  larger  percentage  of  those  in  attendance  at  the 
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chapter  meetings  are  not  members  of  the  society,  as  is  shown  by 
the  fact  that  in  the  226  meetings  held  last  year  the  attendance 
has  been  in  the  neighborhood  of  23,000.  While  there  are  no  ac- 
curate figures  on  the  percentage  of  visitors  at  these  meetings, 
nevertheless,  it  is  a  conservative  estimate  that  probably  40  per  cent 
represent  men  who  are  interested  in  the  American  Society  for 
Steel  Treating  but  not  members  of  the  society.  Nevertheless,  the 
various  chapters  have  made  it  a  point  to  extend  a  cordial  welcome  to 
those  nonmembers  present  because  it  is  realized  that  they  are  the 
seeds  for  future  growth  in  our  membership. 

Memberships 

On  the  recommendation  of  the  delegates  at  their  annual  meeting 
at  Detroit  last  year  the  national  officers  arranged  a  membership 
and  attendance  contest  between  the  chapters  of  the  society. 

The  membership  and  attendance  contest  closed  on  June  30, 
1923  with  the  following  results : 

First  Prize    $200.00        Tri   City    127.6  per  cent 

Second   Prize    150.00  South   Bend    ....  99.3  per  cent 

Third  Prize   100.00        New  Haven   85.8  per  cent 

Fourth  Prize  50.00        Cincinnati    65.5  per  cent 

The  nearest  to  Cincinnati  was  the  Xorthw^est  chapter  with 
56.4  per  cent  and  Syracuse  with  55.5  per  cent. 

It  was  quite  evident  from  the  number  of  chapters  participating 
in  the  contest  and  the  results  obtained  that  it  was  very  interesing 
and  helpful.  However,  as  the  contest  progressed  it  was  observed 
that  the  smaller  chapters  had  a  certain  advantage  over  the  larger 
chapters,  inasmuch  as  they  required  a  smaller  number  not  only  of 
new  members  but  of  those  in  attendance  at  meetings  to  give  a  higher 
percentage. 

There  are  at  the  present  time  in  the  American  Society  for 
Steel  Treating  2746  members  of  which  2048  or  74.5  per  cent 
are  of  the  member  classification ;  400  or  14.5  per  cent  are  associatei 
members;  191  or  7  per  cent  represent  sustaining  memberships; 
while  99  or  3.6  per  cent  represent  jimior  memberships.  There  are  6 
honorary  and  two  founder  members. 

Membership  in  the  society  during  the  period  from  September 
1922  to  September  1923  showed  a  gain  of  18.75  per  cent.  On 
Sept.  1  of  last  year  there  were  2313  members.     During  the  year 
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there  has  been  a  net  gain  of  433  members  so  that  the  total  mem- 
bership on  Sept.  1,  1923  of  bona  fide  paid-up  members  is  2746. 

There  is  an  excellent  opportunity  for  additional  and  valuable 
work  to  be  done  in  increasing  the  number  of  junior  members  in 
the  society.  This  work  did  not  start  with  any  effectiveness  until 
the  year  of  1922  and  at  the  present  time  is  showing  gradual  im- 
provement. The  larger  portion  of  the  junior  members  was  se- 
cured  during   the    fall   of    1922   and   spring   of    1923.     Inasmuch 
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as  the  dues  are  but  $2.50  for  the  junior  members  and  entitles  them 
to  receive  the  publications  of  the  society  and  attend  chapter  meet- 
ings, it  is  a  very  valuable  proposition  for  the  junior  and  secures  his 
present  and  future  interest  in  the  society. 

It  is  interesting  to  note  that  during  1922  and  1923  136  of  the" 
191  sustaining  members  were  added  to  the  list.  This  was  the  re- 
sult of  action  by  the  board  of  directors  whereby  all  but  $6.50  of 
the  dues  of  the  sustaining  member  is  returned  to  the  local  chapter, 
so  that  the  sustaining  member  of  a  local  chapter  becomes  in  reality 
what  the  name  suggests  and  they  assist  materially  in  financing 
the  chapter  programs,  and  thus  have  aided  greatly  in  placing  many 
chapters  in  a  better  financial  position. 

About  300  members  of  the  society  are  serving  on  more  than 
forty  technical  and  administrating  committees  in. the  preparation  of 
standards,  reports,  professional  papers,  meetings,  research  work 
and  the   dissemination  of   literature    for   the  advancement  of   the 
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metallurgical  profession  and  the  steel  industry.  Of  this  number 
about  one-half  are  on  national  committees  and  the  other  half 
serving  on  local  committees.  The  ready  response  of  the  entire 
membership  to  notices  of  appointment  on  various  committees  as 
well  as  their  acceptance  of  the  additional  obligations  and  duties  en- 
tailed, explains  one  of  the  reasons  for  the  remarkable  success 
of  the  American  Society  for  Steel  Treating.  The  membership  as 
a  whole  is  more  than  willing  to  do  its  share  of  work  and  to  con- 
tribute, so  far  as  the  individual's  abilities  permit,  in  furthering  the 
worthy  aims  and  purposes  of  the  organization. 

Publications 

Probably  the  greatest  advancement  in  any  publication  repre- 
senting a  technical  society  made  in  any  one  year  was  in  the  Trans- 
actions of  the  American   Society  for  Steel   Treating.     This  has 
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Chart   Showing   the   Progress   Made   in  the   Number   of   Editorial 
Pages  in  Transactions 

been  due  entirely  to  the  efficient  efforts  of  R.  T.  Bayless,  editor, 
and  the  publication  committee  under  the  able  chairmanship  of  Pro- 
fessor H.  M.  Boylston.  The  size  of  the  type  page  as  well  as  the 
spacing  between  lines  have  been  changed  in  order  to  give  the  Trans- 
actions a  better  appearance  and  greater  readability.     At  the  same 
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time  more  careful  attention  has  been  given  to  the  redrawing  of 
charts  and  arrangement  of  material  in  the  adoption  of  a  standard 
style,  so  that  the  publication  is  regarded  with  most  favorable  con- 
sideration. There  is  one  file  in  National  headquarters  that  contains 
countless  letters  of  commendation  and  congratulations  upon  the  high 
position  the  Transactions  has  taken  both  in  the  make-up  and 
contents  under  the  capable  direction  of  Mr.  Bayless. 

Beginning  with  Volume  I  of  the  Transactions  there  has 
been  published  during  the  three  years  of  its  existence  3424  edi- 
torial pages  of  material  of  interest  to  the  membership  or,  an 
average  of  about  1141  pages  per  year.  Volume  I  of  the  Trans- 
actions contained  in  twelve  issues  840  pages ;  \"olume  2,  twelve 
issues  1238  pages;  Volume  3,  nine  issues  1000  pages,  and  the 
three  numbers  of  Volume  4  so  far  published  contain  446  pages. 
For  convenience  of  handling  and  reference  it  became  necessary  to 
issue  the  Transactions  in  two  volumes  a  year  rather  than  one, 
as  the  one  volume  would  contain  in  the  neighborhood  of  1500  pages 
which  makes  it  undesirable  for  binding  purposes  as  well  as  for 
ready  reference.  Consequently,  beginning  with  the  July,  1923  issue, 
Volume  4  was  started,  this  closes  with  the  December  1923  issue.  It 
is  probable  that  about  1000  pages  of  editorial  matter  will  be 
printed  and  ready  at  that  time  for  binding  in  Volume  4.  There- 
after each  volume  will  include  six  numbers  of  the  Transactions. 

During  the  same  period  as  covered  by  \^olume  1  and  Volume 
2  there  was  published  in  the  1923  Transactions  1446  pages 
of  reading  matter  or  an  increase  of  17  per  cent  over  that  published 
last  year.  This  increase  in  volume  of  printed  matter,  increased 
labor  and  expense  in  the  preparation  of  the  same,  but  it  is  be- 
lieved as  most  frequently  stated  that  the  Transactions  alone  is 
sufficient  to  repay  an  individual  for  his  membership  in  the  society. 

Data  Sheets 

Progress  is  being  made  in  the  preparation  of  data  sheets  for 
the  handbook,  through  the  national  office. 

The  board  of  directors  has  decided  that  all  data  sheets  shall  be 
passed  by  the  Standards  committee  before  being  sent  to  the  mem- 
bers. 

While  this  work  entails  a  large  amount  of  detail  it  nevertheless 
is  making  satisfactory  progress  and  it  is  the  hope  and  expectation 
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of  your  secretary  that  within  the  period  of  two  months  after  the 
close  of  this  convention  the  first  sets  of  data  sheets  will  have  been 
approved  by  the  Standards  committee  of  the  American  Society 
for  Steel  Treating  and  be  ready  for  the  use  of  the  membership. 

The  Standards  committee  has  already  decided  that  the  sheets 
are  to  be  LeFax  size,  so  binders  in  several  grades  are  available  to 
the  membership  at  cost.  After  the  first  series  of  data  sheets  are 
out,  it  is  then  expected  that  data  sheets  will  be  forwarded  to 
those  members  in  good  standing  at  least  three  or  four  times  a 
year. 

The  method  for  the  compilation  of  the  society  handbook  has 
been  somewhat  changed  from  the  plan  originally  announced,  and  it 
is  now  to  be  a  composite  work  of  all  of  the  members  of  the  Amer- 
ican Society  for  Steel  Treating.  Each  member  will  receive  credit 
in  the  handbook  for  the  data  sheets  he  prepares  and  presents. 

The  list  of  data  sheets  given  below  has  already  been  suggested 
and  material  has  been  submitted  upon  the  larger  portion  of  the 
list.  However,  the  submitted  material  is  first  forwarded  to  a 
number  of  members  of  the  society  who  are  familiar  with  the  subject 
under  consideration  and  after  their  comments  and  criticisms  have 
been  returned,  proper  notation  and  revision  of  the  material  is  made 
according  to  the  constructive  criticisms  and  suggestions  received. 
The  material  is  then  again  submitted  to  another  group  of  members 
interested  in  the  subject.  The  second  revision  is  then  submitted 
to  the  Standards  committee  of  the  American  Society  for  Steel 
Treating.  After  approval  by  the  Standards  committee  it  is  to 
be  printed  and  forwarded  for  use  by  the  members. 

There  will  be  included  in  the  first  set  of  data  sheets  the  re- 
port of  Subcommittee  I  of  the  Standards  committee,  on  "Recom- 
mended Practice  in  the  Heat  Treatment  of  Plain  Carbon  Tool 
Steel,"  and  "Recommended  Practice  in  the  Heat  Treatment  of  18 
per  cent  Tungsten  Hig*h  Speed  Steel,"  as  well  as  the  report  of  Sub- 
committee IV,  dealing  with  "Thermoelectric  Pyrometers  and  In- 
structions for  their  Use  in  Heat  Treating  Steel." 

The  subjects  upon  which  data  sheets  are  being  prepared,  in 
which  either  the  material  is  at  present  available,  or  in  preparation 
follows : 

Influence  of  Nickel 

Influence  of  Vanadium 
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Influence  of  Tungsten 

Influence  of  Uranium 

Influence  of  Molybdenum 

Influence  of   Chromium  and  Manganese 

Influence  of  Silicon 

Blue  Brittleness 

Etching  Solutions  to  Be  Used  and  Structure  Revealed  by  Each 

Etching  Solutions  and  Their  Preparation 

Specific  Heat  of  Air 

Iron  and  Steel  Metallurgy  in  Brief 

Standard   Shapes  and   sizes   of   Firebrick 

Phase  Rule 

Forging  Temperatures 

Fuel  and  Energy  Loss  of  Furnace  Walls 

Equivalent  Quantity  of  Fuel  Based  on  Heat  Values 

Characteristics  of   Various  Gases 

Nitrogen  in  Steel 

X-ray  Investigations 

Gases  in  Metals 

Deep  Acid  Etching 

Salt  Baths 

Temperatures  Judged  by  Colors 

Fuel  Areas  for  Furnaces 

Comparative  Costs  of  Various   Fuels   on   B.t.u.   Basis 

Specific  Heat  of  Iron  and  Steel 

Melting  Points  Sodium  and  Potassium  Nitrate 

Thermal  Conductivity  of  Insulating  and  Refractory  Material 

Temperature  Conversion  Table 

Table  for  Carburizing  and  Heat  Treatment  of  Carburized  Steel 

Iron  Carbon  Critical  Range  Diagram 

Temperature  Color  Charts 

Brinell  Hardness  Numbers 

Critical  Range  Diagram  for  Iron  Carbon  Alloys 

Volume  Weight  Tables  Carbon  and  High-Speed  Steel 

Tempering  Table 

Ghost  Lines 

Effect  of   Size  and  Mass  on  Physical   Properties 

Alpha  Beta  and  Gamma  Iron 
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Use  and  Care  of  Pyrometer 
Lead  Baths 

Strength  of  Steels  at  High  Temperatures 
Transfer  of  Heat 

Hardness  of  Carbon-Manganese  Steel 
Physical  Properties  of  Alloy  Steel 
Cutting  Tests  on  High-Speed  Steel 

Recommended  Heat  Treatment  of  Plain  Carbon  Tool  Steel 
Recommended  Heat  Treatment  of  18  per  cent  Tungsten  High- 
Speed  Steel 
Hardness  of  1  per  cent  Carbon  Tool  Steel 
Physical  Properties  of  Carbon  Steel 

Special  Services 

Many  of  the  members  of  the  American  Society  for  Steel  Treat- 
ing have  availed  themselves  of  the  opportunity  to  secure  reprints 
of  articles  as  well  as  translations  of  papers  appearing  in  foreign 
and  local  publications  through  the  national  office.  While  the 
demand  has  not  reached  enormous  proportions  it  is,  nevertheless, 
of  sufficient  strength  to  indicate  that  the  membership  appreciates 
quite  thoroughly  having  this  service  available. 

The  employment  bureau  which  functions  through  the  National 
office  is  still  of  great  benefit  to  the  membership  and  has  been  suc- 
cessful during  the  past  year  in  placing  many  of  the  members  in  con- 
tact with  desirable  openings  as  well  as  securing  for  employers  men 
satisfactory  to  their  needs. 

About  250  members  availed  themselves  of  the  offer  of  the 
national  office  to  secure  Transactions  binding  for  them  at  the 
cost  of  the  work,  and  in  that  way  they  have  been  able  to  have 
their  volumes  bound  uniformly  each  year  at  a  minimum  of  expense 
and  effort. 

The  staff  of  the  national  office  consists  of  the  editor  of  the 
Transactions,  a  bookkeeper,  two  stenographers  and  a  member- 
ship file  clerk. 

Some  idea  of  the  work  involved  may  be  gathered  from  the 
statement  that  over  100,000  pieces  of  mail  matter  leave  the  office 
annually  not  including  the  copies  of  the  Transactions  which  add 
a  total  of  36,000  more  pieces.  No  effort  has  been  made  to  work 
short-handed  because  it  is  realized  that  the  service  of  the  national 
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organization  is  one  of  the  important  requisites  of  the  society.  We 
are  quite  confident  that  the  report  of  the  National  Treasurer  show- 
ing how  the  activities  of  the  societ}'  have  been  conducted  with 
increasing  success  from  a  financial  standpoint  is  gratifying  and 
encouraging.  It  is  interesting  further  to  note  that  the  advertising  ■ 
revenue  from  the  Transactions  has  been  increased  during  the 
year. 

The  exposition  has  made  rapid  progress  and  this  year  is  50 
per  cent  larger  than  the  one  at  Detroit  last  year.  It  is  recognized 
as  one  of  the  principal  annual  events  in  the  iron  and  steel  industry. 

The  advancement  the  society  has  been  able  to  make  in  the 
three  years  of  its  organization  is  indeed  a  point  of  just  pride  with 
the  entire  membership,  and  so  far  exceeds  their  fondest  hopes 
and  expectations  that  they  view  with  pleasure  the  fact  that  the 
society  has  so  rapidly  taken  front  rank  in  the  industry  it  represents. 
This  rapid  and  commendable  progress  is  the  result  of  the  united 
energies,  both  moral  and  financial,  of  all  its  members.  The  Amer- 
ican Society  for  Steel  Treating  will  not  permit  self-satisfaction 
to  be  its  motto,  but  will  always  continue  to  be  the  synonym  for 
Advance,  Efficiency  and  Service. 


CORROSION   IN   MINE   WATERS,  AND   RECENT   IN- 
VESTIGATIONS OF  IT  BY  THE 
U.  S.  BUREAU  OF  MINES* 

By   Robert  J.  Anderson  and  George   M.   Enos 

Abstract 

This  paper  discusses  the  problem  of  corrosion  in  a 
general  zvay,  especially  as  applied  to  the  corrosion  of 
metals  and  alloys  in  acid  mine  waters.  The  several 
theories  of  corrosion  are  discussed  and  it  is  pointed  out 
that  these  do  not  explain  the  fundamental  cause  for  cor- 
rosion. 

Total  immersion  tests  have  been  made  on  a  large 
number  of  irons  and  steels  for  corrosion  in  acid  mine 
water,  and  it  has  been  shown  that  this  corrosion  is 
much  different  from  that  occurring  in  air.  The  results 
md  photomicrographs  of  long-time  immersion  tests 
which  have  been  made  on  some  45  metals  and  alloys  are 
incorporated   in   this  paper. 

An  accelerated  electrolytic  corrosion  test  apparatus 
is  described. 

Introduction 

DURING  the  past  several  years,  investigation  has  been 
carried  on  by  the  U.  S.  Bureau  of  Mines  on  the  corro- 
sion of  metals  and  alloys  in  acid  mine  waters  of  coal  mines  in 
the  western  Pennsylvania  coal  region,  and  the  object  of  the 
present  paper  is  to  discuss  briefly  the  corrosion  problem  in 
a  general  way,  and  to  direct  attention  to  certain  of  the  re- 
sults obtained  in  tests  on  the  corrosion  of  metals  and  alloys 
in  acid  waters  from  coal  mines.  Numerous  other  investiga- 
tions on  corrosion  have  been  carried  out  in  the  past  by  the 
bureau,  but  these  need  not  be  taken  up  here.  The  work  dis- 
cussed in  this  paper  has  been  carried  out  in  co-operation  with 
the  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa.,  under 
a   co-operative  arrangement  with   the   coal-mining  industry   of 


'Published  by  permission  of  the  Director,  U.  S.   Bureau  of  Mines. 


This  paper  is  an  abstract  of  a  lecture  given  before  the  Pittsburgh 
chapter  of  the  society.  Of  the  althors,  Robert  J.  Anderson  is  metallurgist 
and  George  M.  Enos  is  junior  metallurgist,  both  of  U.  S.  Bureau  of  Mines, 
Experiment    Station,    Pittsburgh,    Pa, 
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western  Pennsylvania.  Samples  of  metals  and  alloys  for  test 
have  been  very  kindly  supplied  by  industrial  firms.  The  work 
has  been  under  the  general  supervision  of  A»  C.  Fieldner,  su- 
perintendent and  supervising  chemist,  Pittsburgh  Experiment 
Station,  U.  S.  Bureau  of  Mines. 

It  is  well  known  that  the  search  for  alloys  that  will 
withstand  corrosion  influences  is  one  of  the  most  energetically 
explored  fields  of  physical  metallurgy,  but  so  far  experimen- 
tal work  has  been  on  an  empirical  basis  solely,  and  notably 
good  results  are  quite  accidental.  In  selecting  alloys  for  use 
as  engineering  materials  of  construction  in  structures  where 
particularly  corrosive  atmospheres  or  solutions  must  be  with- 
stood, it  is  necessary  to  consider  not  only  the  resistance  to 
corrosion  of  the  materials  under  the  specific  conditions  of  em- 
ployment but  also  their  physical  properties,  ease  of  fabrica- 
tion or  casting,  and  cost.  The  latter  items  are  often  over- 
looked by  those  working  on  the  development  of  corrosion- 
resisting  alloys.  The  corrosion  of  alloys  in  acid  mine  water 
is  a  typical  example  of  the  failure  of  engineering  materials 
under  attack  by  corrosive  solutions,  and  in  selecting  alloys  for 
use  in  pumping  equipment  for  mines,  one  of  the  most  im- 
portant properties  for  consideration  is  the  corrodibility  of  the 
materials. 

Water  from  coal  mines  is  usually  decidedly  acid  and 
causes  considerable  trouble  and  expense  to  operators  because 
of  its  corrosive  action  on  mine  equipment.  Water  from  metal 
mines  is  also  frequently  corrosive,  e.g.,  that  of  the  Montana 
copper  mines.  Underground  waters  in  coal  mines  are  acid 
from  the  presence  of  free  sulphuric  acid  and  sulphates  of  iron 
and  aluminum,  and  such  waters  will  readily  corrode  ordi- 
nary  ferrous   and   nonferrous   materials. 

The  object  of  the  recent  work  of  the  bureau  has  been 
to  investigate  the  corrosion  of  commercial  metals  and  alloys 
by  acid  mine  waters,  and  certain  of  the  work  has  been  pub- 
lished. Thus,  W.  A.  Selvig*  and  one  of  writers^*  have  inves- 
tigated the  comparative  corrosion  losses  of  45  metals  and  al- 
loys on  immersion  in  acid  mine  waters,  and  the  writers  ^®  have 
studied   the   microscopic  features   of  these   corroded   materials. 


•Numbers   refer   to   bibliography   appended   to   this   paper. 
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Most  recently,  study  has  been  made  by  the  writers  and  J.  R. 
Adams  (research  fellow  of  the  Carnegie  Institute  of  Tech- 
nology) on  the  fundamentals  of  corrosion,  corrosion  theories, 
and  the  development  of  an  accelerated  test  for  corrosion.  The 
results  of  this  work  will  be  published  later.  It  may  be  added 
that  in  the  selection  of  alloys  for  withstanding  corrosive  con- 
ditions it  is  necessary  that  the  selection  be  based  on  reliable 
and  adequate  tests,  and  so  far  no  standard  method  for  corro- 
sion testing  has  been  developed.  For  examining  the  rela- 
tive corrodibility  of  different  metals  and  alloys  in  solutions, 
the  most  satisfactory  test  has  been  the  long-time  immersion 
test,  but  this  has  the  decided  disadvantage  of  consuming  con- 
siderable time. 

The  corrosion  of  metals  and  alloys  in  specific  corroding 
media  like  mineral  acids,  sea  water,  fresh  waters,  salt  solu- 
tions, atmospheric  air,  and  gases  has  been  studied  in  detail 
for  many  years,  but  it  is  only  recently  that  systematic  inves- 
tigation has  been  undertaken  on  the  corrosion  of  materials  in 
acid  waters  from  coal  mines.  At  present  the  corrosion  of 
pump  parts  (rods,  valves,  etc.)  by  acid  mine  waters  in  the 
western  Pennsylvania  coal  region  is  very  serious,  and  it  should 
be  added  that  rails,  rolling  stock,  tools,  and  other  equipment 
corrode  when  exposed  to  the  action  of  acid  waters.  The  work 
of  the  bureau  on  corrosion  in  mine  waters  has  been  carried 
out  specifically  with  a  view  of  procuring  data  that  might  help 
in  the  solution  of  the  difficulties  experienced  by  mine  opera- 
tors. Though  no  data  are  available  as  to  the  monetary  values 
of  the  losses  incurred  through  the  corrosion  of  equipment  in 
mines,  the  total  is  considerable.  Moreover,  additional  finan- 
cial loss  is  occasioned  by  shutdowns  and  repairs  required,  e.g., 
in  the  stopping  of  a  pump.  Hadfield^^  has  recently  estimated 
the  annual  cost  of  wastage  due  to  rusting  of  the  world's  iron 
and  steel  as  over  $3,500,000,000  and  no  argument  is  needed  to 
"show  that  anything  which  can  be  done  to  reduce  losses  here 
and   there  in  specific  cases  is   worth   while. 

Theoretical   Aspects   of   the    Corrosion    Problem 

Any  discussion  of  the  corrosion  problem  would  be  in- 
complete without  at  least  brief  reference  to  the  present  status 
of    the    theory.     A    number    of    different    theories    have    been 
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advanced  to  explain  the  cause  of  corrosion  inception  and  the 
mechanism  of  corrosion  processes,  but  no  one  of  these  is 
satisfactory  to  account  for  the  initiation  of  corrosion  or  to 
explain  the  mechanism  of  all  observed  cases  of  corrosion. 
There  certainly  can  be  no  fundamental  difference  in  the  mech- 
anism of  corrosion  inception  under  any  conditions,  and  one 
of  the  objects  of  recent  work  in  the  bureau  has  been  to  study 
the  fundamentals  of  corrosion  with  a  view  to  determining  if 
there  could  be  one  explanation  underlying  all  the  phenomena 
observed. 

Corrosion  is  generally  regarded  as  the  result  of  the  ten- 
dency which  a  metal  has  for  forming  oxides  or  salts  when 
in  contact  with  a  liquid  or  gas  medium,  and  of  the  many  theo- 
ries which  have  been  advanced  to  explain  the  mechanism  of 
the  phenomenon,  the  electrolytic,  acid,  and  direct  oxidation 
theories  have  been  supported  most  strongly.  The  main  theo- 
ries which  have  been  advanced  to  account  for  corrosion  include 
the  following:  (1)  simple  oxide  (or  direct  oxidation)  theory; 
(2)  acid  theory ;  (3)  electrolytic  theory ;  (4)  auto-colloidal 
catalytic  theory ;  (5)  hydrogen-peroxide  theory ;  (6)  adsorp- 
tion theory;  and  (7)  biological  theory.  These  are  briefly  dis- 
cussed  below. 

Simple  Oxide  Theory 

The  simple  oxide,  or  direct  oxidation,  theory  was  the 
first  of  the  modern  corrosion  hypotheses.  This  theory  has 
been  supported  by  a  number  of  workers  as  being  exclusively 
applicable,  and  some  investigators^^  have  recently  taken  the 
position  that  some  corrosion  processes  can  be  explained  on 
the  basis  of  direct  oxidation.  The  theory  assumes  that  a 
metal  is  attacked  chemically  by  oxygen  or  other  gas  without 
previously  passing  into  solution,  but  this  is  negated  by  pro- 
ponents of  the  electrolytic  and  acid  theories  on  the  basis  that 
liquid  water  is  necessary  for  corrosion  in  addition  to  oxygen. 

Acid  Theory 

The  acid  theory  assumes  that  in  addition  to  oxygen  and 
water,   some   acid   must  be  present  before   corrosion   can   take 
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place,  and  a  weak  acid  like  carbonic  acid  is  sufficient.  The 
process  of  corrosion  is  cyclical.  This  theory  has  been  strongly 
supported,  particularly  by  Friend,'"  but  it  may  be  regarded 
as  an  electrolytic  theory  not  necessarily  expressed  in  terms 
of   the   ionic  hypothesis. 

Electrolytic   Theory 

The  electrolytic  theory  considers  corrosion  to  be  electro- 
chemical in  nature,  and  according  to  this,  water  being  an 
electrolyte  and  therefore  ionized  to  a  small  extent  to  hydro- 
gen and  hydroxyl  ions,  it  is  not  necessary  that  an  acid  be 
present.  When  a  metal  is  placed  in  water,  or  when  a  metal 
is  under  such  conditions  that  a  film  of  water  is  upon  it,  the 
metal  tends  to  dissolve  in  the  water,  i.e.,  it  tends  to  pass  from 
the  atomic  (metallic)  state  to  the  ionic  state.  As  an  atom 
of  metal  passes  into  the  water,  it  assumes  a  positive  charge 
of  electricity,  leaving  the  metal  mass  from  which  it  departed 
charged  negatively.  The  tendency  for  a  metal  to  dissolve 
thus  in  an  electrolytic,  is  termed  its  solution  pressure,  and 
the  result  of  this  tendency  is  corrosion.  This  theory  w^as  ad- 
vanced toy  Whitney^  and  receives  general  acceptance  at  the 
present  time.  This  theory  has  been  termed  electrolytic  in 
contrast  with  the  acid  theory,  implying  that  the  latter  is  not 
electrolytic  in  nature.  Of  course,  both  theories  are  to  be 
interpreted  from  the  electrochemical  point  of  view. 

Auto-Colloidal    Catalytic    Theory 

The  auto-colloidal  catalytic  theory  recently  advanced  by 
Friend,  '''  "  postulates  corrosion  as  starting  with  the  forma- 
tion of  colloidal  ferrous  hydroxide;  this  by  contact  with  air 
flocculates  to  hydrated  ferric  hydroxide,  which  latter  is  al- 
ternately reduced  by  contact  with  iron  oxidized  by  contact 
with  air,  thus  continuing  the  corrosion  and  the  production 
of  rust.  According  to  Friend,  when  iron  comes  into  contact 
with  liquid  water  in  the  presence  of  air  or  oxygen  it  slowly  ox- 
idizes to  ferrous  hydroxide;  this,  however,  is  produced  in  the 
colloidal  condition — a  state  in  w^hich  it  is  usual  for  many  sub- 
stances to  be  particularly  reactive  chemically.  The  ferrous 
hydroxide  hydrosol  is  then  oxidized  to  a  higher  iron  hydroxide 
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hydrosol,  and  the  ferric  hydroxide  hydrosol  is  produced  under 
suitable  conditions.  This  higher  hydrosol  is  then  alternately 
reduced  in  contact  with  iron  and  oxidized  again  by  atmo- 
spheric oxygen,  thus  catalytically  accelerating  the  oxidation 
of  the  iron,  and  when  the  sol  flocculates  or  precipitates  out 
it  yields   rust. 

Hydrogen-Peroxide   Theory 

The  presence  of  hydrogen  peroxide  in  the  water  in  which 
certain  metals  are  corroded  has  led  to  the  development  of 
the  hydrogen-peroxide  theory.  It  has  been  demonstrated  ex- 
perimentally by  Dunstan  and  his  coworkers-  that  hydrogen 
peroxide  is  formed  as  an  intermediate  product  during  the 
corrosion  of  a  number  of  metals  including  copper,  lead,  and 
zinc,  but  not  iron.  Hence,  it  is  alleged  that  corrosion  in  many 
cases  is  owing  to  the  formation  of  hydrogen  peroxide  and  its 
interaction  with  the  metal.  The  formation  of  hydrogen  per- 
oxide as  a  corrosion  product  in  the  oxidation  of  a  metal  by 
water  and  air  is  simply  incidental,  and  this  is  not  necessarily 
an   accompaniment   of  the   initiation   of  corrosion. 

Adsorption    Theory 

vSaklatwalla^-  has  recently  discussed  the  effect  of  adsorp- 
tion of  gases  upon  the  rate  and  nature  of  corrosion,  assum- 
ing that  there  is  a  definite  relationship  between  the  adsorp- 
tion of  gas  by  a  metal  and  the  corrosion  of  that  metal  by 
the  same  gas.  The  suggestion  is  offered  that  the  phenomenon 
of  adsorption,  whereby  a  gas  is  condensed  as  a  film  on  the 
surface  of  a  metal  or  of  any  other  solid  body,  would  have 
the  tendenc}'  of  imparting  to  that  body,  svirface  activities,  de- 
pending upon  the  degree  of  adsorption.  The  rate  of  inter- 
action between  the  condensed  gas  of  a  film  and  the  solid  metal 
depends,  among  other  things,  upon  the  density  of  the  film.  If 
a  metal  has  a  high  degree  of  adsorption,  the  condensation  and 
consequent  velocity  of  interaction  would  be  high,  and  hence 
surface  oxidation  would  take  place  rapidly.  It  is  alleged 
that  high  interacting  velocity,  and  consequent  nearly  instan- 
taneous production  of  a  protective  film  on  the  surface  of  the 
metal,  is  the  essential  factor  in  producing  noncorrodibility. 
Hence,  the  higher  the  adsorption   capacity,  the  higher  should 
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be  the  noncorrodibility.  The  sum  and  substance  of  this  theory 
is  that  certain  metals  are  noncorrodible  because  they  produce 
adsorbed  surface  gas  films  of  high  concentration  because 
they    in    turn    adsorb    large    amounts    of    gas. 

Biological    Theory 

Claim  is  made  by  some  biologists  that  lowly  forms  of 
life  enter  into  the  reactions  which  occur  when  iron  corrodes. 
It  is  true  that  animal  and  vegetable  organisms  can  materially 
enhance  the  corrosion  of  metals  because  of  the  action  of  their 
secretions,  and  the  biological  aspect  of  the  corrosion  problem 
should     not     be     overlook.  However,      corrosion    takes     place 

readily  in  the  absence  of  living  matter,  so  that  corrosion  is  not 
prevented  by  excluding  such  matter,  and  no  organisms  have 
so  far  been  discovered  which  can  feed  upon  metals. 

Summary 

No  one  of  the  theories  so  far  advanced  serves  to  explain 
the  mechanism  of  corrosion  inception  and  no  one  explains  the 
mechanism  of  all  the  observed  cases  of  corrosion.  While  the 
establishment  of  the  theories  have  helped  in  the  understand- 
ing of  certain  anomalous  facts  concerning  corrosion,  this  has 
not  given  any  better  comprehension  of  the  fundamental  cause. 
The  supporters  of  most  of  the  theories  have  usually  tried 
to  ma'ke  out  a  case  for  a  particular  theory  so  as  to  show  that 
their  theory  is  exclusively  correct.  The  two  foremost  theories 
are  the  electrolytic  and  the  direct  oxidation  hypotheses,  and 
the  position  taken  by  some  investigators  (notably  Bengough) 
is  that  corrosion  takes  place  either  by  electrolytic  or  direct 
oxidation  means.  The  view  submitted  by  Bengough  is  that 
corrosion  may  be  either  dhemical  or  electrochemical  in  na- 
ture and  that  all  corrosion  may  be  explained  by  one  or  the 
other  of  these  two  kinds  of  reactions.  The  acid  theory  is 
interpretable  on  the  electrochemical  basis,  while  the  other 
theories  are  either  untenable  or  else  may  be  interpreted  on 
the  basis  of  direct  oxidation. 

Assuming  for  the  moment  then  that  all  corrosion  is  either 
chemical  or  electrochemical  in  nature,  the  question  has  been 
asked,    particularly    by    Bancroft" :      Are    not    chemical    and   elec- 
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trochemical  reactions  one  and  the  same  thing?  Desch  and 
Whyte"*'  5  suggest  that  there  is  no  difference  between  electro- 
lytically  stimulated  and  natural  (chemical)  corrosion,  and  this 
view  is  shared  by  the  writers.  That  chemical  corrosion  and 
electrochemical  corrosion  are  the  same  qualitatively,  but  not 
necessarily  quantitatively,  has  been  demonstrated  experimen- 
tally by  the  writers. 

It  should  be  emphasized  that  the  various  theories  of  cor- 
rosion are  really  not  theories  Avhich  explain  the  cause  for 
corrosion,  but  they  are  rather  theories  that  serve  to  explain  the 
mechanism  of  corrosion  processes  in  terms  of  the  older  chemistry*. 

Factors  Affecting  Corrosion   Processes 

For  present  purposes,  corrosion  may  be  properly  regarded 
as  chemical  reaction,  and  many  factors  influence  the  process 
and  determine  the  speed  of  the  reaction.  The  corrosion  of 
metals  and  alloys  may  take  place  under  three  different  con- 
ditions: viz.,  (1)  the  corroding  medium  is  a  liquid  (this  may 
be  an  electrolyte  or  a  nonelectrolyte ;  (2)  the  corroding  me- 
dium is  a  gas  or  vapor ;  and  (3)  the  corroding  medium  is 
alternately  liquid  and  gas.  While  the  cause  for  corrosion 
inception  and  progression  is  the  same  irrespective  of  the 
metal  and  the  corroding  medium,  the  rate  of  corrosion  and 
the  corrosion  products  formed  would  be  expected  to  be  radi- 
cally different  for  different  metals  and  different  media.  More- 
over, there  are  a  number  of  factors  w^hich  affect  the  process 
of  corrosion  (chemical  reaction),  although  the  relation  of 
these  has  not  been  thoroughly  worked  out. 

One  of  the  most  common  ways  in  which  metals  fail  by 
corrosion  is  by  exposure  to  reacting  solutions  (or  liquids),  and 
the  factors  involved  in  the  corrosion  of  metals  and  alloys 
when  in  solution  include  the  following: 

(1)  Chemical   composition    of   the    metal    or    alloy. 

(2)  Physical    condition    of   the    metal    or    alloy. 

(3)  Chemical    composition    and    concentration    of   the 
corroding    solution    (liquid). 


•Since  the  lecture  was  presented,  the  writers  have  applied  the  electronic  theory  of 
the  constitution  of  the  atom  to  the  corrosion  problem,  and  this  permits  explanation  of 
corrosion   inception  in   terms   of   modern   chemistry. 
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(4)  Velocity    of    the   corroding   medium,    or    the   ve- 
locity  of    the    metal   in    the    medium. 

(5)  Temperature   of   the   medium. 

(6)  Time  period  of  exposure. 

(7)  Solution    pressure    of    the    metal    which    depends 
upon    (1),    (2),   and    (3). 

(8)  Electrical    conditions    of    immersion. 

(9)  Effect  of  light. 

Study  of  these  factors  should  throw  light  on  many  corro- 
sion processes,  and  it  should  be  emphasized  that  for  testing 
purposes,  at  least,  it  is  possible  to  hold  all  of  the  factors  con- 
stant within  limits  and  examine  the  efifects  of  variations  in 
them. 

The  factors  above  mentioned  are  merely  suggestive*,  but 
indicate  that  in  any  corrosion  process  the  effects  of  A'ariable 
conditions    must   be   properly   accounted   for. 

The  corrosion  of  any  metal  or  alloy  in  any  medium  is  an 
expression  of  the  summation  of  the  efifects  of  all  influencing 
factors,  and  for  particular  cases  the  effects  may  be  positive, 
negative,  zero,  or  negligible.  The  effects  of  the  variable  fac- 
tors are  shown  in  a  variety  of  ways ;  viz.,  by  the  formation  of 
salts,  oxides,  or  hydroxides ;  by  the  deposition  of  metals, 
salts,  or  oxides ;  by  the  formation  of  coatings  from  the  salts, 
which  retard  or  accelerate  corrosion,  or  have  no  effect ;  by 
the  formation  of  pits ;  by  passivity ;  by  embrittlement ;  by  selec- 
tive corrosion ;  by  disintegration  ;  and  perhaps  by  other  effects 
not   so    ccxmmon. 

One  of  the  chief  difficulties  in  expressing  the  corrosion 
of  a  metal  or  alloy  lies  in  the  fact  that  a  loss-in-weight  de- 
termination is  not  necessarily  indicative  of  the  amount  and 
character  of  the  disintegration.  Accurate  loss-in-weight  de- 
terminations can  be  made  only  by  determining  the  exact 
composition  of  the  adhering  scale  or  coating  as  well  as  the 
weight  of  metal  found  in  solution  or  suspension,  followed  by 
appropriate  calculations.  In  comparing  the  relative  corrod- 
ibility  of  metals,  true  corrosion  loss-in-weight  results  should  be 
expressed  in  terms  of  the  molecular  ratios  of  the  metals  com- 
pared.    Thus,  the  rate  of  corrosion  of  one  metal  may  be  faster 


•In   the  lecture,    these   factors   were   discussed   at    length,    but   owing   to    the    confines 
of    space,    cannot   be    taken    up    here. 
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than  that  of  another  but  the  actual  loss  less,  because  of  dif- 
ference in  the  atomic  weigihts.  The  rate  of  corrosion  should 
properly  be  expressed  in  such  terms  that  difference  in  mol 
weights,  solution  pressures,  polarization,  and  other  factors 
will    be    properly   accounted    for. 

Summary  of  Recent  Investigations  by  the  Bureau  of  Mines 

Turning  now  to  the  recent  studies  which  have  been  made 
in  the  Bureau  of  Mines  on  the  corrosion  problem,  particularly 
in  the  case  of  mine-water  corrosion,  the  following  gives  a 
brief  resume  of  the  work  carried  out  during  the  past  three 
years  with  the  results  obtained.  Before  taking  up  the  results 
of  the  work,  it  is  advisable  to  discuss  briefly  the  nature  of 
acid  mine  water. 

Nature  of  Acid  \\'ater  From  Coal  Mines 

As  indicated  previously,  water  from  coal  mines  is  usually 
decidedly  acid,  containing  free  sulphuric  acid,  and  ferrous, 
ferric  and  aluminum  sulphates,  as  well  as  sulphates  of  cal- 
cium, magnesium,  sodium  and  potassium,  together  with  silica, 
and  usually  some  chlorides.  On  standing,  dilution,  aeration, 
or  warming,  insoluble  iron  compounds  tend  to  precipitate 
from  these  waters,  principally  as  hydrous  ferric  oxides.  The 
occurrence  of  iron  sulphates  and  free  sulphuric  acid  is  due  to 
the  action  of  water  and  air  on  the  pyrite  or  marcasite  associated 
Avith  the  coal.  These  sulphides  are  oxidized  to  ferrous  sul- 
phate, and  sulphuric  acid,  and  the  reactions  may  be  represented 
by  the  equations : 

2FeS,-h70,-f2H,0=FeSO,-|-2H,SO, 
4FeSO,+2H,SO,+0,=2Fe,  ( SO  J  3-^2H,0 

It  is  well  known  that  the  acidity  and  composition  of 
different  waters  vary  considerably  at  different  times,  and  a 
range  of  composition  for  some  waters  collected  at  various  coal 
mines  and  .  analyzed  by  the  Bureau  of  Mines  is  as  follows : 
silica,  16  to  64  p.p.m. ;  ferrous  iron,  trace  to  967;  ferric  iron, 
11  to  915  ;  aluminum,  25  to  148;  calcium,  79  to  436;  magnesium, 
34  to  197;  sodium.  21  to  133;  chlorine,  trace  to  25;  total  sul- 
phate radical,  790  to  6370;  and  free  sulphuric  acid,  trace  to 
3662  p.p.m.     A  typical  analysis  of  filtered  water   (from  the  Edna 
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No.  2  mine  of  the  Hillman  Coal  &  Coke  Co.,  at  VVendel, 
Westmoreland  county,  Pa.j  is  as  follows:  silica,  129  p.p.m. ; 
ferrous  iron,  516;  ferric  iron,  1303;  aluminum,  1225;  calcium, 
307;  magnesium,  122;  potassium,  332;  sodium,  512;  chlorine, 
Z7 ;  and  sulphate,  11,750  p.p.m.  The  suspended  matter  (on 
unfiltered  water)  in  this  water  dried  at  105  degrees  Cent,  is 
19  p.p.m. 

It  may  be  added  that  in  connection  with  the  corrosion 
work,  study  has  been  made  by  Selving  and  Ratlifif^^  of  the 
nature  of  acid  water  from  coal  mines  and  of  methods  for 
analysis.  It  was  found  that  titration  of  acid  mine  water  for 
free  sulphuric  acid  with  standard  alkali  solutions  gave  too  high 
results,  because  of  hydrolysis  of  sulphates  of  iron  and 
aluminum.  More  nearly  correct  results  were  secured  by  re- 
ducing the  ferric  sulpliate  present  to  ferrous  sulphate,  prior  to 
titration,  and  this  reduction  was  effected  by  the  addition  of 
potassium-iodide  solution   to   the   mine  water. 

Mine    Water    Corrosiox    Tests    of    Iron    and    Steel 

In  1920-1921,  total  immersion  tests  were  carried  out  by 
\\  .  A.  Selvig,  assistant  chemist  of  the  bureau,  for  committee 
A-5  of  the  American  Society  for  Testing  Materials,  on  the 
corrosion  of  a  large  number  of  irons  and  steels  of  varying 
composition  in  acid  mine  water.^  The  test  samples  were  2 
by  6  inches  in  size  and  of  16  and  22-gage.  The  tests  were 
made  by  immersing  the  specimens  in  flowing  acid  mine  water 
at  the  Calumet  coal  mine  of  the  H.  C.  Frick  Coke  Co., 
Calumet,  Pa.  The  samples  were  considered  to  have  failed 
after  standing  in  the  water  if  they  had  been  corroded  through 
or  eaten  away  at  the  edge  for  a  distance  of  54  inch.  After 
failure,  the  samples  were  cleaned,  weighed,  and  the  corrosion 
loss  calculated.  Photographs  of  the  corroded  samples  v.'ere 
made.  The  corrosive  action  of  the  acid  mine  water  on  all 
the  steels  and  irons  was  severe,  and  the  tests  clearly  showed 
that  all  ordinary  grades  of  iron  and  steel  are  corroded  rapidly 
by  acid  waters  from  coal  mines  and  that  there  was  no  great 
difference  in  the  rates  of  corrosion  among  the  commercial 
varieties    of    these    materials. 

In  these  tests,  the  acidity  due  to  free  sulphuric  acid  was 
about  700  p.p.m.  on  the  average,  and  the  total  acidity  (that  due 
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to  free  sulphuric  acid  plus  sulphates  of  iron  and  aluminum) 
was  about  1700  p.p.m.  on  the  average.  In  all,  49  different 
irons  and  steels  were  tested,  and  comparison  was  made  be- 
tween the  results  obtained  in  mine  water  and  those  obtained 
on  corrosion  in  atmospheric  air.  The  results  were  quite 
different. 

Mine    Water    Corrosion    Tests    of    Forty-Five    Metals    and 

Alloys 

In  1921-1922,  comparative  corrosion  test  was  made  of 
45  metals  and  alloys  in  acid  mine  waters  for  the  purpose  on 
securing  data  relative  to  materials  for  use  in  pumping  equip- 
ment. This  investigation  was  carried  out  as  part  of  a  coHDpera- 
tive  agreement  between  the  Bureau  of  Mines  and  the  Carnegie 
Institute  of  Technology.  The  materials  tested  included  a  variety 
of  ferrous  and  nonferrous  metals  and  alloys  in  the  rolled  and 
cast  condition,  and  the  waters  used  were  from  three  coal 
mines :  viz.,  the  Montour  No.  1  mine  of  the  Pittsburgh  Coal 
Co.,  at  Southview,  Washington  county.  Pa. ;  the  Edna  No.  2 
mine  of  the  Hillman  Coal  &  Coke  Co.,  at  Wendel,  Westmore- 
land coimty.  Pa. ;  and  the  Calumet  mine  of  the  H.  C.  Frick 
Coke  Co.  at  Calumet,  Westmoreland  county,  Pa.  The  different 
materials  tested  were  in  the  form  of  rectangular  pieces  2  by 
6  inches  in  size,  the  rolled  materials  being  about  16  gage 
thick  (0.051  inch),  and  the  cast  materials  approximately  34  inch 
thick.  The  pieces  were  placed  in  racks  in  test  boxes  especialb/ 
designed  for  the  work,  so  as  to  permit  total  immersion  of 
the  samples  in  flowing  water.  The  construction  of  the  test 
boxes  and  racks,  which  were  made  of  wood,  is  shown  in  Fig. 
1.  The  general  arrangement  of  two  test  boxes  on  the  surface 
at  the  Calumet  mine  is  shewn  in  Fig.  2.  At  the  Montour 
No.  1  mine,  sufficient  head  of  water  could  not  be  obtained 
to  cause  a  continuous  flow  of  water  through  the  boxes,  and 
the  racks  holding  the  samples  were  placed  in  the  mine  sump. 
At  the  other  two  mines,  the  velocity  of  water  flow  around 
the  samples  was  regulated  to  1.8  inches  per  minute.  The 
test  covered  a  period  of  119  days  at  the  Montour  No.  1 
mine,  135  days  at  the  Edna  No.  2  mine,  and  98  days  at  the 
Calumet  mine.  The  complete  results  of  the  investigation 
have  been  reported  by  Selvig  and  one  of  the  writers.^^ 


1923 


CORROSION    IN   MINE    WATERS 


599 


TRAXSACTlOyS    OF 

600  AMERICAN  SOCIETY  FOR   STEEL    TREATING   November 

Roughly,  the  average  acidity  of  the  waters  was  as  follows: 


Mine 

Free    Acidity 

Total    Acidity 

Montour    No.    1 
Edna  No.  2 
Calumet 

p.p.m. 

1430 

2160 

430 

p.p.m. 

11,360 

14,160 

2,950 

Loss-in-weight    data    were    secured    for    the    metals    and 
alloys    after    exposure    to    the    corroding    action    of    the    mine 


Mine. 


Pig     2 Arrangement    of    Test    Boxes    for    Mine    Water    Corrosion    Tests   at    Calumet 


waters,  and  the  results  of  the  work  may  be  briefly  summarized 
as    follows : 

All  alloys  of  the  brass  type  Avhich  were  tested  were 
corroded  severely  by  the  mine  waters ;  the  corrosion  was 
uniform  (no  pitting),  and  the  weight  loss  large.  Bronzes 
were  also  corroded  considerably,  but  to  a  less  extent  than 
the  brasses,  and  Avithin  limits  increasing  tin  appeared  to  de- 
crease the  amount  of  corrosion  in  these  alloys.  At  the 
present  time,  bronzes  are  largely  used  for  parts  in  pumps 
designed  for  handling  acid  water  from  coal  mines.  Copper- 
nickel  alloys  were  corroded  in  about  the  same  amount  as 
the  brasses ;   the  loss   in  weight  was   large,   and   the   corrosion 
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was  uniform.  Nickel  silvers  of  various  compositions  (copper- 
nickel-zinc  alloys)  were  badly  corroded — the  attack  in  most 
instances  being  uniform.  Aluminum  alloys  showed  a  marked 
tendency  to  pronounced  pitting;  the  loss  in  weight  was  com- 
paratively small,  but  the  pitting  effect  precludes  the  possibility 
of  their  use  in  acid  mine  water. 

The  materials  which  showed  practically  no  corrosion  in 
the  mine  waters  included  a  high-chromium  steel,  two 
chromium-nickel-silicon  steels,  a  high-silicon  cast  iron,  and 
a  nickel-chromium-iron  alloy.  All  these  alloys  contained  large 
amounts  of  chromium  with  the  exception  of  the  high-silicon 
cast  iron.  Commercial  nickel  corroded  very  little  in  the  Edna 
No.  2  mine  water  but  corroded  considerably  in  the  waters 
from  the  other  two  mines. 

Taking  the  materials  by  groups,  the  relative  corrosion 
losses  may  be  taken  roughly  as  follows,  in  the  Edna  No.  2 
mine  water :  Brasses,  6  to  7  mg.  per  sq.  cm.  per  day ;  bronzes, 
1  to  3  mg. ;  cupro-nickel  alloys,  5  to  7  mg. ;  nickel-silver  al- 
loys, ■  5  to  7  mg. ;  aluminum  alloys,  2  mg. ;  high-silicon  cast 
iron,  0.006  to  0.6  mg. ;  high-chromium  steel,  0.0004  mg. ; 
chromium-nickel-silicon  alloys,  0.0002  mg. ;  and  nickel- 
chromium-iron  alloy,  0.002  mg.  per  sq.  cm.  per  day. 

A  large  number  of  the  samples  became  covered  with 
coatings  during  the  course  of  the  tests.  Some  of  the  materials 
had  rather  thick,  soft,  fine-grained  coatings  which  adhered 
fairly  tightly,  but  could  be  readily  removed  with  a  fiber  brusli 
and  water.  Others  had  loosely  adhering  coatings,  and  these  could 
be  readily  removed  by  rinsing  in  water  and  rubbing  with  the 
hand.  Some  of  the  samples  had  hard,  closely  adhering  coat- 
ings. It  was  shown  that  the  coating  formed  may  accelerate 
or  retard  corrosive  action  or.  have  no  appreciable  effect.  It 
should  be  pointed  out  that  the  physical  condition  of  the  sur- 
face of  materials  is  a  factor  affecting  the  nature  of  the  coat- 
ing formed,  and  this  is  illustrated  nicely  by  the  photomicro- 
graphs of  Figs.  3  and  4.  Fig.  3  shows  the  coating  on  a  copper- 
chromium-iron-nickel  alloy,  formed  on  an  as-cast  sample, 
while  Fig.  4  shows  the  coating  formed  on  the  same  alloy 
on  a  machined  sample.  The  coating  in  the  second  case  is 
much  thicker  and  coarser  than  in  the  first  case. 
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Fig.  3 — Photomicrograp'h  Showing  Coating  on  an  As-cast  Sample  on  Exposure  to 
Acid  Mine  Water.  x25.  Nominal  Composition,  42:12:9:35,  Cu-Cr-Fe-Ni  (plus  Si).  Fig. 
4 — Same  as  Fig.  3,  but  on  a  Machined  Sample,  x2S.  Fig.  S — Rolled,  High  Brass. 
Nominal  Composition,  Copper  66.6%,  Zinc  33.4%.  Coating  Easily  Removable.  Consider- 
able Uniform  Corrosion.  Immersed  65  days — Loss  in  Weight,  7.38  mg.  per  square  cm. 
per  day.  Fig.  6 — Rolled,  Cupro-Nickel.  Nominal  Composition,  Copper  85%,  Nickel  15%. 
Coating  Easily  Removable.  Considerable  Uniform  Corrosion.  Immersed  65  Days.  Loss 
in   Weight,   7.47   mg.   per  square   cm.   per  day. 

In  passing,  it  is  of  interest  to  refer  to  the  appearance  of 
certain    of    the    samples    after    corrosion    by    the    acid    waters^ 
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and  Figs.  5  to  11  inclusive  may  be  noted  in  this  connection.* 
Fig-.  5  shows  the  appearance  of  a  corroded  sample  of  rolled, 
high  brass,  Fig.  6  a  cupro-nickel  alloy,  Fig.  7  a  cast  bronze. 
Fig.  8  a  cast  copper-lead  alloy,  Fig.  9  a  rolled  aluminum-manganese 
alloy.  Fig.  10  a  rolled  chromium-nickel-silicon  steel,  and  Fig  11 
a  rolled  high-chromium  steel.  The  captions  on  the  figures 
make  the  illustrations  self-explanatory.  All  these  samples 
were  exposed  to  water  from  Edna  No.  2  mine. 

The  investigation  reviewed  briefly  above  yielded  compara- 
tive loss-in-weight  data  for  a  series  of  commercial  metals  and 
alloys  when  exposed  to  the  action  of  acid  mine  waters,  indicat- 
ing that  of  45  materials  tested,  only  five  were  suitable  from 
the  point  of  view  of  corrosion  resistance.  These  five  materials 
are  suitable  for  use  in  acid  mine  water  from  the  point  of  view 
of  resistance  to  corrosion,  but  they  are  not  necessarily  suitable 
wdien  economic  considerations,  ease  of  fabrication,  and  physical 
properties  are  taken  into  account.  A  summary  of  this  investi- 
gation has  been  given  in  another  place  by  one  of  the  writers.^^ 

Microscopy  of  Corroded   Materials 

In  1922-1923,  microscopic  study  was  made  of  the  corroded 
metals  and  alloys  from  the  above  described  investigation,  and 
the  results  have  been  published  by  the  writers^^  In  the  long- 
time immersion  tests,  a  number  of  phenomena  were  observed 
in  the  behavior  of  the  materials  tested,  particularly  in  con- 
nection with  their  rates  of  corrosion,  the  formation  of  surface 
coatings,  and  the  relation  of  chemical  composition  to  corrosion 
rates  and  coating  formation.  In  the  microscopic  study,  tech- 
nique was  first  developed  for  preparing  micro-sections  of  the 
corroded  samples,  and  in  all  52  samples  were  examined.  The 
conclusions  drawn  from  the  work  may  be  summarized  as  fol- 
lows : 

In  brasses,  grain  size  seems  to  have  little  effect  upon  the 
rate  or  nature  of  the  corrosion.  In  alloy  systems  where  two  or 
more  phases  are  present,  there  is  usually,  although  not  neces- 
sarily, one  phase  that  is  more  resistant  to  corrosion  than  the 
other  phases.  This  gives  rise  to  selective  corrosion.  In  bronzes, 
the  delta  constituent  is  the  more  resistant  phase ;  in  alpha-beta 


•In    the    lecture,    a    large    number    of   slides    illustrating    the    appearance    of    corroded 
samples  were  shown,  but  only  a  few  typical  photographs  can  be  given  here. 
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Fig.  7 — Cast  Bronze.  Nominal  Composition — Copper  90%,  Tin  10%.  Coating 
Partly  Removable.  Irregular  Corrosion.  Immersed  135  Days.  Loss  in  Weight — 1.90 
mg.  per  square  cm.  per  day.  Fig.  8 — Cast,  Copper-Lead  Alloy.  Nominal  Composi- 
tion— Copper  50%,  Lead  50%.  Coating  Easily  Removable.  Uniform  Corrosion  with 
some  Irregular  Pitting.  Immersed  121  Days.  Loss  in  Weight — 3.94  mg.  per  square 
cm.  per  day.  Fig.  9 — Rolled,  Aluminum-Manganese  Alloy.  Nominal  Composition — 
Aluminum  98.5%,  Manganese  1.5%.  No  Coating.  Irregular  Pitting.  Immersed  7 
Days.  Loss  in  Weight — 2.64  mg.  per  square  cm.  per  day.  Fig.  10 — Rolled,  Chromium- 
Nickel-Silicon  Alloy.  Nominal  Composition — 60:24:13:3,  Fe:Ni:Cr:Si  (with  low  car- 
bon). No  Coating.  No  Visible  Corrosion.  Immersed  135  Days.  Loss  in  Weight — 
0.00045  mg.  per  square  cm.  per  day.  Fig.  11 — Rolled,  High  Chromium  Steel.  Nom- 
inal Composition — Iron  70%,  Chromium  30%,  Carbon  0.36%.  No  Coating.  No  Visible 
Corrosion.  Immersed  135  Days.  Loss  in  Weight — 0.00045  mg.  per  square  cm, 
per    day. 
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brass,  the  alpha  is  more  resistant.  The  other  materials  ex- 
amined were  of  such  types  that  selective  corrosion  did  not 
occur,  or  if  it  did,  the  constituent  first  corroded  could  not  be 
determined.  The  aluminum  alloys  pitted  so  badly  that  selec- 
tive corrosion  could  not  be  identified  as  such.  Some  alloys, 
which  after  corrosion  and  subsequent  cleaning,  appear  to  be 
free  from  adhering  coating  or  precipitate,  have  a  hard  and 
probably  quite  impervious  coating  acting  as  a  protection ;  this 
is  particularly  true  of  the  bronzes.  In  general,  corrosion  attack 
does  not  follow  grain  boundaries  but  proceeds  through  the  less 
resistant  material  if  two  or  more  phases  be  present.  The  more 
resistant  material  is  probably  removed,  as  such,  after  the  less 
resistant  material  has  been  corroded  and  washed  away.  Micro- 
scopic examination  of  the  corrosion  resisting  high-silicon  iron, 
high-chromium  steel,  chromium-nickel-silicon  steels,  and  nickel- 
chromium-iron  alloy  reveals  no  visible  protective  coating  or 
film.  The  resistance  of  these  alloys  to  corrosion  can  probably 
be  traced  to  their  chemical  composition.  It  should  be  added 
that  iron  silicide  and  the  double  carbide  of  iron  and  chromium 
are  very   insoluble   in   acids. 

The  microstructural  aspects  of  some  of  the  typical  corroded 
samples  may  be  found  of  interest,  and  Figs.  12  to  19  inclusive 
may  be  examined  in  this  connection.*  Fig.  12  shows  the 
corroded  edge  of  a  sample  of  admiralty  brass ;  the  ridge  lies 
between  shallow  elongated  pits.  Fig.  13  shows  a  nodule  of 
redeposited  copper  on  the  surface  of  a  low  brass.  Fig.  14 
is  a  macrograph  of  the  cross  section  of  a  manganese  brass, 
s'howing  the  very  even  redeposition  of  copper  after  corrosion  ; 
the  dark  outer  edges  contain  about  90  per  cent  copper,  and  the 
light  center  area  is  the  uncorroded  brass.  Fig.  15  shows  the 
grain  boundaries,  retained  from  the  original  structure,  in  the 
redeposited  copper  of  Fig.  14.  In  Fig.  16  is  shown  the  corroded 
edge  of  a  leaded  bronze,  with  the  delta  constituent  standing 
up  at  the  edge.  Fig.  17  is  a  macrograph  of  substantially  pure 
aluminum,  showing  the  deep  pits  formed.  Fig.  18  shows  the 
pitting  in  a  copper-lead  alloy,  resulting  from  the  selective  cor- 
rosion of  the  copper.  Fig.  19  shows  cracking  in  a  high  lead 
alloy,    which    actually    gained    in    weight    on    exposure    to    the 


•In    the    lecture,    a    large    number    of    slides    showing    the    microstructure    of    corroded 
samples    were    presented,    but    only    a    few    typical    micrographs    can    be    reproduced    here. 
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Fig.  12 — Edge  of  Admiralty  Brass.  Nominal  Composition,  Copper  70%,  Zinc  29%,  Tin 
1%.  Grain  Size,  0.036  mm.  Irhmersed  35  Days.  Etched  in  Ammonia  and  Hydrogen 
Peroxide.  xlOO.  Fig.  13 — Low  Brass.  Nominal  Composition — ^Copper  80%,  Zinc 
20%.  Immersed  119  Days.  Pliotomicrograph  Shows  Nodule  of  Re-deposited  Copper 
on  Surface.  Etcihed  with  Ammonia  and  Hydrogen  Peroxide.  xlOO.  Fig.  14 — ^Man- 
ganese Brass.  Nominal  Composition — ^Copper  6S%,  Zinc  28%,  Iron  2%,  Manganese  2%, 
Cross-section  of  Test  Piece  Showing  Redeposition  of  Copper.  Immersed  72  Days.  Oblique 
Illumination  x2.  Fig.  15 — Showing  Microstructure  of  the  Outer  Edge  of  Fig.  14.  Etched 
with  Ammonia,  Hydrogen  Peroxide  and  Acidulated  Ferric  Chloride.  x300.  Fig.  16 — 
Cast,  Lead  Bronze.  Nominal  Composition — Copper  75%,  Tin  10%,  Lead  15%. 
Immersed  135   Days.     Etched  in  Acidulated   Ferric  Chloride.     x300. 
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mine  water.  The  samples  represented  by  these  figures  were 
all  exposed  to  the  Edna  No.  2  mine  water  with  the  exception  of 
Fig-.  13,  where  the  sample  was  exposed  to  the  Montour  No.  1 
mine  water.     The  captions   on   these   several   figures  make  the 


Fig.  17 — Substantially  Pure  Aluminum.  Immersed  for  21  Days.  Unetched.  x2. 
Fig.  18 — >Cast,  Copper-Lead  Alloy.  Nominal  Composition — Copper,  50%,  Lead  50%. 
Immersed  121  Days.  Unetched,  Oblique  Illumination.  x5.  Fig.  19 — Cast,  High  Lead 
Alloy.  Lead  96%  plus  Alkaline-Earth  Metals.  Immersed  72  Days.  Unetched,  Oblique 
Illumination.     Cross-section.     x2. 

illustrations  self-explanatory.  Since  the  alloys  which  were  very 
resistant  to  corrosion  were  not  visibly  attacked,  photomicro- 
graphs of  these  need  not  be  included. 

This  investigation  demonstrated  the  desirability  of  mic- 
roscopic examination  in  the  study  of  corrosion,  and  the  writers 
feel  that  considerable  light  can  be  thrown  on  corrosion  pro- 
cesses by  microscopic  study  of  corroded  samples. 

Fundamentals  of   Corrosion 

In  1922-1923,  study  was  made  by  the  w-riters  and  J.  R. 
Adams  of  the  fundamentals  of  corrosion  and  the  factors  af- 
fecting  corrosion   processes.      In    this    connection,   the   various 
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theories  of  corrosion  were  examined  and  it  was  shown  that 
these  do  not  serve  to  explain  corrosion  inception  although 
they  can  be  applied  to  explain  different  corrosion  processes 
in  terms  of  the  older  chemistry*. 


Fig.    20 — Set-Up    of    Electrolytic    Cabinet    for    Accelerated    Electrolytic    Tests. 

Accelerated  Corrosion  Testing 

In  1922-1923,  investigation  was  made  by  the  writers  and 
J.  R.  Adams  of  the  possibility  of  developing  an  accelerated 
test  for  corrosion.  The  attempt  was  first  made  to  develop  an 
accelerated  chemical  test,  so-called,  in  which  test  samples  were 
corroded  in  a  liquid  medium  and  acceleration  given  by  intro- 
ducing oxygen  or  air  into  the  medium.  It  was  found  that 
the  acceleration  by  this  method  over  the  ordinary  long-time 
immersion  test  was  very  slight,  and  this  method  was  aban- 
doned. The  attempt  was  next  made  to  develop  an  accelerated 
electrolytic  test,  and  this  was  entirely  successful.  A  number 
of  experiments  were  made  on  the  electrolytic  corrosion  of 
bronzes  in  order  to  repeat  the  work  reported  by  previous  in- 
vestigators, and  duplicate  results  were   readily  obtainable.     In 


*Since  this  lecture  was  given,  the  writers  have  applied  the  electronic  theory  of  the 
constitution  of  the  atom  to  the  corrosion  problem,  and  this  permits  explanation  of 
corrosion    inception    in    terms    of    modern    chemistry. 


1923  CORROSION    IN   MINE    WATERS  609 

carrying  out  this  work,  cylindrical  samples  of  copper — tin 
alloys  were  made  anode  in  several  solutions  including  sodium 
chloride,  sodium  sulphate,  sodium  nitrate,  and  ammonium 
oxalate  plus  oxalic  acid.  The  test  pieces  were  rotated,  and 
the  current  density  was  0.179  amperes  per  square  decimeter, 
of  exposed  surface  area.  Runs  were  also  made  where  the 
effects  of  several  factors,  including  variation  in  current  den- 
sity, time  of  exposure,  and  shape  of  test  piece,  were  examined. 
Finding  that  the  results  of  other  investigators  could  be 
readily  duplicated,  accelerated  electrolytic  corrosion  tests  were 
made  on  42  of  the  metals  and  alloys  corroded  in  long-time 
immersion  test  in  the  previous  investigation  by  W.  A.  Selvig 
and  one  of  the  writers^*,  and  the  results  of  both  tests  were 
correlated.  Mine  waters  from  the  Montour  Xo.  1,  the  Edna 
No.  2,  and  the  Calumet  mines  w-ere  used  as  the  electrolytes. 
Fig.  20  shows  the  apparatus  employed  for  the  tests ;  this  is 
simply  an  ordinary  electrolytic  apparatus,  with  rotating  anode 
spindle  connections,  as  used  for  the  analysis  of  metals  and 
alloys  but  built  especially  for  corrosion  testing.  It  was  shown 
as  a  result  of  these  tests  that  the  corrosion  of  metals  and  alloys 
can  be  greatly  accelerated  by  the  electrolytic  method*. 

Summary 

This  paper  has  discussed  the  corrosion  problem  briefly 
and  in  a  general  way,  especially  as  applied  to  corrosion  of 
metals  and  alloys  in  acid  mine  waters.  The  following  is  a 
brief    summary : 

1.  The  U.  S.  Bureau  of  ^Mines  has  been  carrying  on  an 
investigation  of  corrosion  for  three  years  in  co-operation  with 
the  Carnegie  Institute  of  Technology,  dealing  particularly  with 
the  corrosion  of  metals  and  alloys  in  acid  mine  waters. 

2.  Considerable  trouble  is  experienced  by  mine  operators 
in  the  western  Pennsylvania  coal  region  because  of  the  cor- 
rosion  of  equipment,   notably  pumps,   by   acid   mine   waters. 

3.  The  several  theories  of  corrosion  are  discussed  briefly, 
and  it  is  pointed  out  that  these  do  not  explain  the  fundamental 
cause   for   corrosion. 

4.  Total    im'mersion    tests    have    been    made    on    a    large 


•Since  the   lecture   was   presented,   this   work   has   been   developed    and   elaborated,   and 
the   complete  results   will   be   published    later. 
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number  of  irons  and  steels  for  corrosion  in  acid  mine  water, 
and  it  has  been  shown  that  the  corrosion  is  much  different  from 
that  in  air. 

5.  Long-time  immersion  tests  have  been  made  on  45 
metals  and  alloys  in  three  acid  mine  waters  for  corrosion,  and 
the  comparative  corrodibility  determined.  The  data  obtained 
are  of  value  in  selecting  alloys  for  mine  pumps. 

6.  Study  has  been  made  of  the  microstructural  aspects  of 
these  45  metals  and  alloys  after  corrosion. 

7.  Study  has  been  made  of  the  fundamentals  of  corrosion. 

8.  An  accelerated  electrolytic  test  has  been  developed 
for   determining   the   corrodibility   of   materials   in    electrolytes. 
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HIGH-POWER      PHOTOMICROGRAPHY      OF      METAL- 
LURGICAL   SPECIMENS 

By  Francis  F.  Lucas 


Abstract 

The  subject  of  high-pozver  photomicrography  of 
opaque  metallurgical  specimens  is  discussed  in  this  pa- 
per. The  author  points  out  that  it  is  more  or  less  an 
accepted  idea  that  photomicrographs  in  excess  of  1500 
diameters  magnification  are  of  little  or  no  value.  Excep- 
tion is  taken  to  this  point  of  viezv  and  the  author  shozi's 
that  remarkable  definition  may  be  attained  at  Jiigh  mag- 
nifications. Representative  photomicrographs,  principally 
of  academic  interest,  are  reproduced  to  sIxozk.'  the  attain- 
ment of  definition,  resolution,  a)id  penetration  at  high 
pozvers. 

The  author  discusses  briefly  and  sotnezcliat  generally 
the  possibility  of  high-pozver  metallography,  the  best 
type  of  equipment  to  use  and  the  need  for  great  care  in 
the  preparation  of  the  specimen. 

The  halftone  reproductions  inevitably  shozv  less  detail 
and  brilliancy  than  the  original  photomicrographs. 

PHOTOMICROGRAPHY  of  metallurgical  specimens  is  gen- 
erally confined  to  magnifications  ranging  from  a  few  diameters 
to  about  1500.  \'ery  few  pictures  of  metal  structures  have  been 
published  at  magnifications  exceeding  1000  diameters,  and  ap- 
parently many  people  believe  that  magnifications  in  excess  of 
1500  diameters  are  of  little  or  no  value. 

Usually  no  one  photomicrograph  will  serve  for  all  purposes. 
Low-power  work  may  be  likened  to  an  observer  at  a  lookout 
station  on  a  mountain  top.  He  sees  the  country  for  miles  around 
and  by  his  elevated  viewpoint  he  obtains  perspective.  Let  him 
observe  the  ground  upon  which  he  stands  and  he  loses  the  broad 
general  view,  but  is  able  to  grasp  small  details  wholly  unseen  in 
the'  distant  view — virtually  a  case  of  high-power  work. 


A  paper  by  Francis  F.  Lucas,  the  photomicrography  of  which  was 
performed  in  the  research  laboratories  of  the  American  Telephone  & 
Telegraph   Co.   and    the   Western    Electric    Co.,    Inc.,    New    York    City. 
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That  most  photomicrographs  are  taken  at  low  or  medium  powers 
is  due,  no  doubt,  to  the  fact  tliat  the  equipments  ordinarily  pur- 
chased are  not  suited  to  high-power  work  and  consequently  de- 
velopment in  proficiency  has  been  confined  to  the  field  of  low  or 
medium  power  work.  To  get  satisfactory  results  at  high-powers 
and  to  get  these  results  consistently,  precision  equipment  is  indis- 
pensable. The  apparatus  must  be  substantially  constructed  and 
made  for  precision  work.  A  compromise  outfit  which  may  be 
adapted  to  the  requirements  of  both  transparent  and  opaque  speci- 
mens, is  only  courting  trouble  because  rigidity  must  necessarily 
be  sacrificed  to  some  extent  in  order  to  provide  means  for  adjusting 
the  stand  to  suit  the  different  classes  of  work. 

At  the  present  time  the  limitations  of  high-power  metallo- 
graphy do  not  appear  to  be  with  the  precision  equipment  now 
available  but  rather  witli  the  technique  of  preparing  metallurgical 
specimens  for  examination  at  high  powers.  It  is  quite  desirable  to 
know  the  limitations  of  the  apparatus,  but  it  is  of  considerably 
more  importance  to  know  how  best  to  use  the  finest  equipment  to 
its  utmost,  because  increase  in  knowledge  and  better  tools  go  hand 
in  hand.  So  far  as  metallurgical  work  is  concerned,  it  seems  to  be 
true  that  the  quality  of  the  best  objectives  surpasses  by  far  the 
ability  to  use  them  to  best  advantage. 

The  Arc  as  a  Light  Source 
Much  has  been  written  on  the  subject  of  illuminants  for 
photomicrography,  and  many  statements  may  be  found  derogatory  to 
arc  lamps,  but  as  a  real  source  of  light,  a  smoothly  operating 
automatic  arc  lamp  equipped  wnth  suitable  carbons  is  capable  of 
yielding  results  of  the  highest  order.  Most  writers  complain  of 
a  sputtering  arc  or  irregular  feeding  of  the  carbons,  but  these 
troubles  are  readily  overcome.  Direct  current  is  necessary  for 
successful  operation  and  the  carbons  should  be  of  small  diameters 
so  that  the  ultimate  result  will  approach  closely  a  point  source  of 
illumination.  Most  automatic  arc  lamps  of  this  sort  have  been 
designed  for  a  certain  current,  usually  about  five  amperes,  and 
unless  the  current  rating  is  closely  adhered  to  in  practice,  the  op- 
eration is  apt  to  be  irregular.  Probably  the  most  imj^ortant  part 
of  the  illuminant  from  an  operating  standpoint  is  the  grade  of 
carbons  used.  What  is  needed  for  high-power  work  is  a  point 
source  of  light    (or  approximately  so)   of  great  brilliancy,  capable 
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SUBJECT: 
ETCH: 


OBJECTIVE: 
N.  A. 

OCULAR: 
FILTER: 
PLATE: 


PLATE  I 

Magnification  1690  X 

Crystal  Grain  Orientation  in  Wrought  Iron. 

5  per  cent  Solution  of  Picric  Acid  in  Alcohol  and  re-etched  with 

ammonium   persulphate,    2   grams   to    10   cubic   centimeters   of 

water. 
Zeiss  2  millimeter  Apochromatj 
1.4. 

Zeiss  Compensating  K-18,  20  X. 
Wratten  "B"  4600  to  5100  A.U. 
Wratten  "M." 


EXPOSURE:     3  minutes. 

of  being  smoothly  and  uniformly  controlled  so  that  the  luminous 
end  of  the  positive  carbon  will  not  fluctuate  backward  and  forward 
within  wide  limits.  As  a  matter  of  convenience  the  carbon  adjust- 
ment for  the  initial  setting  should  be  such  that  replacement  of 
the  carbons  will  not  consume  much  time. 

Optical  Parts  —  The  Objective 
A  great  deal  may  be  said  about  the  optical  parts,  but  the  ob- 
jective is  the  most  important  part  of  the  whole  outfit.  No  one 
objective  will  suffice,  and  therefore,  it  is  highly  desirable  to  have 
a  whole  battery  available  so  that  the  objective  may  be  selected  to 
suit  the  requirements  of  the  work.  Objectives  are  divided  into 
four  general  classes  :     first,  achromatic  ;  second,   semiapochromatic  ; 
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PLATE  II 
Magnification  1690  X 

SUBJECT:  The   Cubic    Crystallization   of   Iron. 

ETCH:  5  per  cent  Solution  of  Picric  Acid  in   Alcohol  and  re-etched  with 
ammonium  pers-ilphate,  2  grams  to  10  cubic  centimeters   water. 

OBJECTIVE:  Zeiss  2  millimeter  Apochromat. 

N.  A.  1.4. 

OCULAR:  Zeiss  Compensating  K-12,  15  X. 

FILTER:  Wratten  "B"      4600  to  6000  A.U. 

PLATE:  Wratten  "M." 

EXPOSURE:  II2  minutes. 


third,  apochromatic,  and  fourth,  those  for  use  with  uUra-violet 
Hght.  Of  the  first  three  the  difl:'erence  is  primarily  one  of  correction 
for  chromatic  and  spherical  aberrations.  The  apodiromats  being 
the  most  highly  corrected  are  the  ones  best  suited  io  high-power 
work. 

It  is  the  objective  which  produces  the  image;  the  eyepiece 
and  bellows  extension  which  add  magnification.  If  the  objective  fails 
to  resolve  detail,  the  final  result  will  be  wanting.  Obviously,  if 
we  are  interested  in  hig'h-power  work  we  are  interested  in  resolving 
very  fine  detail ;  otherwise  there  would  be  no  object  in  attempting 
high  magnifications.  The  resolving  power  of  an  objective  de- 
]:)ends,    primarily,    upon    two    things :      the    numerical    aperture    of 
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the  objective  and  the  wave-length  of  the  h'g-ht  used.  The  I)rightness 
of  tihe  image  also  varies  directly  as  the  square  of  the  numerical 
aperture.  As  the  numerical  aperture  increases  the  flatness  of  the 
field  and  the  depth  of  penetration  decrease  but  usually  when  high 
resolution  is  desired  flatness  of  the  field  and  penetration  are  not 
of  great  concern.  For  h'gh-power  work  a  Zeiss  2  millimeter  apochro- 
matic  objective  of  1.4  numerical  aperture  leaves  very  little  to  be  de- 
sired and  when  used  under  favorable  conditions,  these  objectives 
are  capable  of  yielding  remarkable  depth  of  penetration  at  high- 
jxjwers. 

By    controlling    the    color    of    the    light    used    in    photomicro- 
graphy it  is  possible  to  obtain  contrast  and  to  improve  definition, 


PLATE  III 
Magnification  2450 

SUBJECT:  The  Cubic  Crystallization  of  Iron. 

ETCH:  5   per  cent  solution   Picric   Acid   in   .Alcohol   and   re-etched    with 

ammonium  persulphate.  2  grams  to  10  cubic  centimeters  water- 
OBJECTIVE:     Zeiss  2  millimeter  .Apochromat. 
N.  A.  1.4. 

OCUL.AR:  Zeiss  Compensating  K-12,  15  X. 

FILTER:  Wratten  "B"      4600  to  6000  A. U. 

PL.ATE:  Wratten  ".M." 

EXPOSURE:      1  minute. 
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PLATE  IV 

Magnification  1050  X 

SUBJECT:  Nickel-iron  Alloy. 

ETCH:  Twenty-  minutes  in  a  solution  consisting  of  10  cubic  centimeters 

Nitric  Acid,  7.5  cubic  centimeters  Glacial  Acetic  Acid  and  7.5 

cubic  centimeters  Acetone. 
OBJECTIVE:     Bausch  &  Lomb  4  millimeter  Achromat. 
N.  A.  0.65. 

OCULAR:  Zeiss  20  X. 

FILTER:  Wratten  "E"  5600  A.  U.  to  Red  End  to  Secure  Contrast. 

PLATE:  Wratten  "M." 

EXPOSURE:     3  I2  seconds. 

This  photomicrograph  illustrates  a  nickel-iron  alloy  at  what  is  usually  con- 
sidered high  magnification.  Very  small  triangular  shaped  pits  are  shown  developed 
but  the  magnification  is  not  sufficient  to  reveal  the  structure  clearly.  The  follow- 
ing two  plates  show  this  crystal  structure  well  developed. 

but  of  greater  importance  in  high-power  work  is  the  fact  that  the 
resolving  power  may  be  increased  by  decreasing  the  wave-length  of 
the  light  used.  The  relation  is  expressed  as  follows : 


Number  of  lines  per  inch  resolved      = 


2  N.  A. 


Wave-Length 

Assuming  that  a  \\'ratten  "F"  ray-hlter  is  used  whose  trans- 
mission band  is  from  6100  angstrom  units  to  the  red  end  of  the 
spectrum  then   an   objective  of    1.4   numerical   aperture   should   re- 
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solve  about  109,000  lines  per  inch.  If  a  "C"  ray-filter  is  used  whose 
spectral  transmission  is  from  4000  angstrom  units  to  5100  angstrom 
units  the  same  objective  should  resolve  about  158,000  lines  per 
inch.  That  is,  by  using  the  shorter  wave-length  light  it  is  pos- 
sible to  effect  a  theoretical  improvement  of  al>out  45  per  cent  in 
the  resolution.  In  practice  there  is  some  departure  from  these 
theoretical  values  because  of  the  complications  entering  into  the 
problem. 

If     ultraviolet     light     were    used,     the     resolution     would     be 


PLATE  V 

Magnification  2300  X 

A  Nickel-iron  Alloy. 

Thirty   minutes  in   a  solution  consisting  of  10  cubic  centimeters 

Nitric  Acid,  7.5  cubic  centimeters  Glacial  AceticAcid  and  7.5 

cubic  centimeters  Acetone. 
Spencer  1.8  millimeter  .\chromat. 
1.25. 

Zeiss  20  X. 

Wratten  "E"  5600  A.  U.  to  Red  End  to  Secure  Contrast. 

Wratten  "M." 

15  seconds. 

A  development  of  crystal  structure  from  the  specimen  shown  in  Plate  IV,  the 
object  of  which  was  to  show  the  crystal  form.  A  further  development  at  higher 
magnification  is  shown  in  Plate  VI. 


SUBJECT: 
ETCH: 


OBJECTIVE: 

N.  A. 

OCULAR: 

FILTER: 

PLATE: 

EXPOSURE: 
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greater  than  when  using  hght  whose  wave-length  lies  within  the 
visible  spectrum.  Since  glass  is  opaque  to  ultraviolet  light,  lenses 
of  another  material  must  be  used.  [Monochromatic  quartz  ob- 
jectives are  available  for  this  purpose. 

Pkeparatiox   of    Specimens  ax    Importaxt   Factor 

When  considering  the  problem  of  high-power  work  with  metal- 
lurgical specimens  it  is  necessary  to  keep. in  mind  that  the  surface 
to  be  examined  must  be  prepared  with  the  greatest  of  care,  as  it 
is  probable  that  many  failures  attributed  to  the  optical  parts  are  in 
reality  due  to  the  faulty  preparation  of  the  specimen.  This  has  been 
found  to  be  true  in  the  Bell  System  laboratories  where  actual  ex- 
])erimental  investigations  have  been  carried  out  and  a  rather  elaborate 
technique  of  polishing  developed  to  meet  the  requirements.  It  is 
conceivable  that  a  polish  suitable  for  low  or  medium-power  work 
would  appear  rough  at  6000  diameters.  It  has  been  found  that  the 
more  perfect  the  polish  the  better  will  be  the  definition.  Further 
experimental  investigations  developed  the  fact  that  contrary  to 
the  usually  expressed  statement,  a  light  etch  does  not  necessarily 
give  the  best  results  at  high  powers.  If  a  specimen  is  to  photo- 
graph well  and  yield  sharp  definition,  a  contrasting  etcli  is  absolute- 
ly essential.  To  obtain  the  desired  result,  the  etching  reagent 
must  be  adjusted  to  the  conditions  and  applied  gradually,  several 
applications  being  prefei'able  to  a  single  one.  Examination  of 
the  specimen  after  the  first  application  should  show  the  structure 
delicately  revealed  but  lacking  in  contrast.  Perhaps  the  result  may 
best  be  described  by  saying  that  it  is  "flat,"  a  term  well  under- 
stood in  photography.  Such  structures  do  not  photograph  well,  but 
if  the  pattern  is  further  developed  by  repeated  applications,  a 
state  will  be  reached  when  the  pattern  stands  out  in  great  con- 
trast and  is  sharply  defined.  When  this  stage  is  reached  the  speci- 
men is  ready  to  be  photographed  and  the  results  are  striking,  both 
visually  and  photographically. 

It  is  recognized  that  metallurgical  specimens  tarnish  readily 
and  e\en  for  low'-power  w^ork  are  found  unsatisfactory  several 
days  after  etching  and  often  in  less  time.  This  tarnishing  eflfect 
appears  to  be  cumulative.  The  writer  has  found  that  for  high- 
pow'er  w^ork  the  contrast  above  described  becomes  seriously  impaired 
for  iron  and  steel   specimens  after  about  one  and  one-half   hours 
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SUBJECT 
ETCH: 


PLATE    VI 
Magnification  4300  X 

A  Nickel-iron  Alloy. 

Forty   minutes   in   a   solution   consisting   of    10  cubic   centimeters 
Nitric  Acid,  7.5  cubic  centimeters  Glacial  Acetic  .Acid  and  2.5 
cubic  centimeters  water. 
OBJECTIV'E:     Zeiss  2  millimeter  Apochromat. 
N.  A.  1.4. 

OCULAR:  Zeiss  Compensating  K-18,  20  X. 

FILTER:  Wratten  "E"  5600  A.  U.  to  Red  End  to  Secure  Contrast. 

PLATE:  Wratten  "M." 

EXPOSURE:     20  seconds. 

This  is  a  further  development  of  the  crystal  structure  illustrated  in  Plate  V. 


and  its  effect  becomes  quite  noticeable  at  6000  diameters  after 
about  thirty  minutes.  As  the  contrast  decreases  due  to  the  tarnish- 
ing effect  the  specimen  becomes  "flat"  in  a])pearance  and  a  good 
focus  is  difficult  to  obtain.  For  this  reason  it  has  been  found  neces- 
sary to  photograph  the  specimen  immediately  after  etching. 


Effect  of  Vibration  Overestimated 

Vibration  has  been  blamed  for  many  indistinct  photomicro- 
graphs, and  elaborate  precautions  are  often  recommended  to  offset 
the  effect.     This  trouble  appears  to  be  greatly  exaggerated.     If  the 
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PLATE  VII 
Magnification  3500  X 

SUBJECT:  Normal  Structure  0.!0  per  cent  Carbon  Steel. 

ETCH:  5  per  cent  Solution  Picric  Acid  in  Alcohol.     A  progressive  etch  to  develop  contrast. 

OBJECTIVE:  Zeiss  2  millimeter  .Apochromat. 

X.  A.  1.4. 

OCUL.AR:  Projection  Eye-piece  P-4. 

FILTER:  Wratten  "H"  4200  to  5400  A.U. 

PL.'ATE:  Wratten  Panchromatic. 

EXPOSURE:  40  seconds. 
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PLATE  VIII 
Magnification  3000  X 

SUBJECT:  Normal  Structure  0.10  per  cent  Carbon  Steel. 

ETCH:  5  per  cent  Solution  of  Picric  .Acid  in  Alcohol. 

OBJECTIVE:    Zeiss  2  millimeter  Apochromat. 

N.  A.  1.4. 

OCULAR:  Projection  P-4. 

FILTER:  Wratten  "C"  4000  to  5100  A.U. 

PLATE:  Wratten  Panchromatic. 

EXPOSURE:    22  seconds. 

Prolonged  etching  dissolves  the  ferrite  but  does  not  affect  the  cementite.  The  latter  stands 
out  in  relief  and  under  high  powers  this  treatment  shows  very  clearly  the  form  of  the  cementite 
plates. 
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PLATE  IX 

Magnification  3500  X 

SUBJECT;  Normal  Structure  0.20  per  cent  Carbon  Steel  (Pearlite  Area). 

ETCH:  S  per  cent  Solution  Picric  Acid  in  Alcohol. 

OBJECTIVE:    Zeiss  2  millimeter  Apochromat. 


N.  A. 

L4. 

OCULAR: 

Projection  P-4. 

FILTER: 

Wratten  "C"  4000-5100  A.U. 

PLATE: 

Wratten  Panchromatic. 

EXPOSURE: 

25  seconds. 

See  Plate  X  for  same  field  at  9000  X. 


specimen  is  properly  prepared  (polished)  and  etched  so  that  il 
can  be  focnssed  sharply  and  if  it  is  photographed  immediately,  ex- 
perience in  our  laboratory  seems  to  indicate  that  ordinary  vibrations 
such  as  those  encountered  in  the  usual  steel  frame  building  are  of 
small  importance  and  can  be  overcome  readily  by  sponge  rubber  pads 
underneath  the  supporting  legs  of  the  stands.  This  means  that  people 
walking  nearby;   distant  machine   tools   in   operation   or   other   dis- 
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PLATE  X 
Magnification  9000  X 

SUBJECT:  Normal  Structure  0.20  per  cent  Carbon  Steel  (Pearlite  Area). 

ETCH:  5  per  cent  Solution  of  Picric  .Acid  in  .Alcohol. 

OBJECTIX'E:    Zeiss  2  millimeter  .Apochromat. 

\.  A.  1.4. 

OCULAR:  Zeiss  Compensating  K-12.  15  X. 

FILTER:  Wratten  "B"  4000  to  5100  A.U. 

PL.ATE:  Wratten  Panchromatic. 

EXPOSURE:     45  seconds. 

See  Plate  IX  for  same  field  at  3500  X.  This  specimen  yielded  a  very  brilliant  image,  conse- 
quently a  rather  short  exposure  could  be  made.  Even  at  this  e.xtreme  magnification  it  can  be  seen 
that  the  specimen  is  very  highly  polished.  However,  the  technique  of  etching  for  high-powers,  and 
the  need  for  photographing  at  once  was  not  fully  appreciated  or  understood  when  Plates  IX  and 
X  were  taken.  In  consequence,  it  is  probable  that  better  results  might  be  obtained  if  these  pictures 
were  to  be  retaken  with  the  knowledge  acquired  by  later  developments  in  the  art. 
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PLATE  XI 
Magnification  520  X 

SUBJECT:  Normal  Structure  of  Eutectoid  Steel. 

ETCH:  10  per  cent  Solution  Nitric  Acid  in  Alcohol. 

OBJECTIVE:    Zeiss  8  millimeter  Apochromat. 

N.  A.  0.65. 

OCUL,'\R:  P-4  Projection  Eve-piece. 

FILTER:  Wratten  "C"  4000  to  5100  A.U. 

FL.ATE:  Wratten  Panchromatic. 

EXPOSURE:     8  seconds. 

The  object  of  this  photomicrograph  is  to  illustrate  at  medium-power  the  same  specimen  which 
is  shown  at  higher  powers  in  Plate  XII. 
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PLATE  XII 
Magnification  6000  X 

SUBJECT:         Normal  Structure  Eutectoid  Steel. 

ETCH:  S  per  cent  Solution  Nitric  Acid  in  Alcohol.     A  progressive  etch  to  develop  contrast. 

OBJECTIVE:    Zeiss  2  millimeter  Apochromat. 

N.  A.  1.4. 

OCULAR:  Zeiss  Compensating  K-8.  10  X. 

FILTER:  Wratten  "C"  4000  to  SlOO  A.U. 

PLATE:  Seeds  "L"  Ortho. 

EXPOSURE:     75  seconds. 

The  same  specimen  as  illustrated  at  lower  magnification  in  Plate  XI.  This  photomicrograph 
offers  some  interesting  possibilities  in  the  way  of  measuring  the  dimensions  of  very  small  details. 
For  instance,  the  ferrite  plates  for  this  and  several  other  fields  taken  at  the  same  time  average 
about  1-20,000  inch  in  thickness  and  the  cementite  plates  about  1-30.000  inch.  The  grain  bound- 
aries in  this  plate  are  defined  clearly  and  measure  1  250,000  inch  in  thickness. 
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PLATE  XIII 
Magnification  520  X 

SUBJECT:  Normal  Structure  of  l.S  per  cent  Carbon  Steel. 

ETCH:  10  per  cent  Solution  of  Nitric  Acid  in  Alcohol. 

OBJECTIVE:    Zeiss  8  millimeter  Apochromat. 

N.  A.  0.6S. 

OCULAR:  Projection  Eye-piece  P-4. 

FILTER:  Wratten  "C"  4000  to  5100  A.U. 

PLATE:  Wratten  Panchromatic. 

EXPOSURE:     8  seconds. 

The  object  of  this  photomicrosraph  is  to  illustrate  the  structure  at  medium-power.      See  Plate 
XIV  for  the  same  specimen  at  6000  X. 
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PLATE  XIV 
Magnification  6000  X 

SUBJECT;  Normal  Structure  1.5  per  cent  Carbon  Steel. 

ETCH:  Two  dips  in  3  per  cent  solution  of  Picric  Acid  in  Alcohol  and  one  dip  in  a  1  per  cent 

solution  of  Nitric  Acid  in  Alcohol. 
OBJECTIVE:    Zeiss  2  millimeter  Apochromat. 
N.  A.  1.4. 

OCUL.AR:  Zeiss  Compensating  K-8.  10  X. 

FILTER:  Wratten  "H"  4200  to  5400  A.U. 

PL.ATE:  Wratten  Panchromatic. 

EXPOSURE:     I  minute,  52  seconds. 

The  same  specimen  as  illustrated  in  Plate  XIII  at  520  X. 
grain  boundary  and  the  free  cementite  at  the  grain  boundary. 
ferrite  plates  is  evident. 


High  magnification  brings  out  the 
The  depth  of  the  etching  in  the 


628 


TRANSACTIOyS   OF 

AMERICAN  SOCIETY  FOR  STEEL    TREATING  November 


PLATE  XV 
Magnification  24  X 

SUBJECT:  Cast  Cobalt  of  High  Purity. 

ETCH:  Aqua  Regia  and  re-etched  with  Ferric  Chloride  and  Hydrochloric  Acid. 

OBJECTIVE:    Zeiss  SO  millimeter  micro-planar. 

OCULAR:  None. 

FILTER:  Wratten  "C"  4000  to  5100  A.U. 

PLATE:  Wratten  *'M." 

EXPOSURE:     25  seconds. 

ILLUMINATION:     Oblique  Light. 

Before  etching,  this  specimen  showed  a  perfectly  polished  surface  at  400  diameters.  It  is  of 
interest  to  note  the  angular  relationship  of  the  lines  developed  by  etching,  and  to  compare  these 
wMth  the  orientation  and  crystal  formation  devekp^^d  at  higher  magnifications  in  Plates  XVI  to 
XIX,  inclusiv J. 
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PLATE  XVI 
Magnification  2950  X 

SUBJECT:         Cast  Cobalt  of  High  Purity. 

ETCH:  Aqua  Regia  and  re-etched  with  Ferric  Chloride  and  Hydrochloric  Acid. 

OBJECTIVE:    Zeiss  2  millimeter  Apochromat. 

"'     ■  1.4. 


N.  A 

OCULAR: 

FILTER: 

PLATE: 

EXPOSURE 

A  portion  of  one  of  the  crystal  grains  shown  in  Plate  XV 


Zeiss  Compensating  K-12.  15  X. 
Wratten  "C"  4000  to  5100  A.U. 
Wratten  "M." 
25  seconds. 
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PLATE  XVII 
Magnification   1600  X 

SUBJECT:  Cast  Cobalt  of  High  Purity. 

ETCH:  Aqua   Regia  and  re-etched  with  Ferric  Chloride  and   Hydrochloric  AciJ. 

OBJECTIVE:    Zeiss  3  millimeter  Apochromat. 

N.  A.  1.4. 

OCULAR:  Zeiss  Compensating  K-8,  10  X. 

FILTER:  VVratten  "D"  and  "H."      Dominant    Wave    Length   4500    A.U. 

PLATE:  Wratten  "M." 

EXPOSURE:     One  and  one-half  minutes. 

This  photograph  shows  a  further  development  of  the  crystalline  structure  of  pure  Cobalt. 
The  pattern  resolves  itself  into  hexagons,  equilateral  triangles  and  rhomboids,  which  appear  to 
be  indicative  of  crystallization  in  the  cubic  and  the  he.vagonal  systems. 
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PLATE  XVIII 
Magnification  2950  X 

SUBJECT:  Cast  Cobalt  of  High  Purity. 

ETCH:  Aqua  Regia  and  re-etched  with  Ferric  Chloride  and  Hydrochloric  Acid 

OBJECTIVE:    Zeiss  2  millimeter  Apochromat. 

N.  A.  1.4. 

OCULAR:  Zeiss  Compensating  K-12.  IS  X. 

FILTER:  VVratten  "C"  4000  to  5100  A.U. 

PLATE:  Wratten  "M." 

EXPOSURE:     25  seconds. 

A  portion  of  one  of  the  crystal  grains  shown  in  Plate  XV.  The  appearance  and  angular 
arrangement  of  the  etching  pit  would  seem  to  indicate  that  the  surface  of  the  specimen  corresponds 
very  closely  to  a  cleavage  plane. 
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PLATE  "XIX 
Magnification  2950  X 

SUBJECT:  Cast  Cobalt  of  High  Purity. 

ETCH:  Aqua  Regia  and  re-etched  with  Ferric  Chloride  and  Hydrochloric  Acid. 

OoJt-CllVh.:    Zeiss  2  millimeter  Apochromat. 

N.A.  1.4. 

OCULAR:  Zeiss  Compensating  K-12.  15  X. 

FILTER:  Wratten  "C"  4000  to  5100  A.U. 

PLATE:  Wratten  "M." 

EXPOSURE:     25  seconds. 

This  photograph  seems  to  indicate  that  the  VV'idmanstatten  sfucture  has  formed  and  if  several 
of  the  preceding  plates  are  ezamined  closely,  the  same  structure  will  be  evident. 
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turbances  of  slight  or  moderate  intensity  can  usually  be  ironed  out 
by  a  really  simple  expedient.  Because  a  photomicrograph  is  "fuzzy" 
does  not  necessarily  imply  that  vibration  made  it  so.  Polish,  etch, 
tarnish  and  focus — one  or  all — may  have  been  responsible. 

Exact  Focussing  Essential 

High-power  work  calls  for  exact  focussing.  This  is  some- 
what difficult  with  the  present  apparatus  because  the  rigging  at- 
tached to  the  fine  adjustment  for  distant  control  is  neither  suf- 
ficiently slow  moving  nor  exact  enough  in  its  adjustment.  The 
objection  is  not  a  serious  one  as  refinements  in  the  mechanism  are 
possible.  In  practice  the  image  first  is  roughly  focussed  on  a  ground 
glass  screen  after  which  the  operation  is  completed  on  a  clear 
glass  screen  with  the  aid  of  a  focussing  magnifier.  If  a  dark 
filter  such  as  a  "C"  filter  or  the  "D"  and  the  "H"  filters  together 
are  inserted  in  the  light  beam  the  final  focussing  can  be  made  with 
more  exactness. 

The  Value  of  High-Power  PHOTOMicr.oGRAPHS 

The  question  has  often  been  asked,  ''What  do  high-power 
photomicrographs  show  that  cannot  be  shown  by  lower  magnifica- 
tions?" The  usual  answer  seems  to  be  that  high-power  pictures 
have  not  added  to  our  store  of  knowledge  although  they  have  con- 
stituted an  in' cresting  if  somewhat  "fuzzy"  exhibit.  According 
to  the  writer's  way  of  thinking  this  is  not  the  real  answer. 

The  fact  that  secondary  structure  is  not  resolved  does  not 
necessarily  mean  that  fine  structural  details  do  not  exist.  It  does 
mean  that  either  we  do  not  know  how  to  prepare  the  surfaces 
so  that  these  details  are  differentiated  or  else  the  separation  is 
beyond  the  resolving  power  of  the  objective  and  the  light.  Negative 
results  do  not  signify  that  our  knowledge  has  not  been  augmented. 
So  far  as  metallurgical  work  is  concerned,  it  seems  probable  that 
the  possibilities  of  the  finest  objectives  now  available  are  far  be- 
yond our  ability  to  use  them  to  best  advantage.  When  we  have 
learned  how  to  improve  our  method  for  preparing  and  for  etch- 
ing specimens  it  is  possible  t!:at  an  entirely  new  field  of  investiga- 
tion will  be  open  to  us. 

The  photomicrographs  accompanying  this  paper  were  taken  by 
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the  writer  in  the  Bell  System  laboratories  of  the  American  Tele- 
phone and  Telegraph  Co.  and  the  Western  Electric  Co.,  Inc..  Xew 
York  City.  Some  of  the  pictures  are  of  the  same  subject  but  at 
progressively  higher  magnifications  .-o  that  the  effect  of  magnifica- 
tion may  be  evident.  They  were  selected  as  representative  of  a 
large  number  taken  in  the  course  of  our  work  throughout  a  period 
of  several  years.  All  were  taken  in  connection  with  definite  en- 
gineering problems  in  order  that  the  knowledge  derived  might 
enable  us  to  secure  better  materials. 

CONCLUSIOX 

In  this  paper  it  has  been  the  author's  ol)ject  to  show  somewhat 
generally  the  possibilities  of  high-power  me::allography  as  applied 
to  industrial  problems.  With  each  i>icture  there  is  included  a 
brief  description  and  data  pertaining  to  the  specimen,  its  prepara- 
tion, the  optical  parts,  and  the  wave-length  of  the  light  used.  In 
each  case  the  magnification  was  determined  accurately  by  means 
of  a  high-power  stage  micrometer. 


THE   EFFECT  OF   SILICON    ON   THE  THERMAL 
CRITICAL    POINTS    OF    STEEL 

By  F.   L.  Meacham 

Abstract 

The  effect  of  silicon  on  the  Al  point  of  steel  is  to 
raise  the  Acl  point  28.1  degrees  Cent,  and  the  Ar\  point 
28.9  degrees  Cent,  per  cent  of  silicon.  The  effect  on 
the  A2  point  of  steels  under  0.29  per  cent  carbon  is  to 
lower  the  point  by  ILl  degrees  Cent,  per  cent  silicon. 
The  carbon  content  of  the  steel  apparently  has  a  marked 
effect  on  the  A2  point  in  fcrro-silicon  alloys.  The  A3 
point  is  difficult  to  folloiu  in  silicon  steels  since  silicon 
diminishes  the  intensity  of  the  point  very  rapidly.  A 
method  employing  the  change  in  electrical  resistance  at 
the  A3  point,  points  toward  a  possible  method  of  follow- 
ing the  transformation  further  than  it  has  previously 
been  followed. 

Object  of  the   Investigation 

THE  object  of  this  investigation  was  to  determine  the  effect 
of  silicon  on  the  thermal-critical  points  of  steel.  That  is 
to  say,  to  ascertain  the  position  of  the  points  Al,  A2,  and  A3  in 
iron-carbon-silicon  steels  and  to  compare  the  position  of  these 
points  with  those  of   pure   iron-carbon  alloys. 

History 

This  subject  is  one  upon  which  comparatively  little  work 
has  been  done.  The  oldest  authoritative  reference  which  was 
found  was  that  of  W.  Gontermann  of  Victoria  University,  Man- 
chester. His  work  was  performed  principally  by  taking  cooling 
curves  of  various  samples,  and  by  studying  quenched  specimens 
under  the  miscroscope.  He  states  that  his  method  of  taking  cool- 
ing curves  was  not  a  particularly  sensitive  one  and  that  the  only 


A  thesis  presented  in  partial  fulfillment  of  the  requirements  for  the 
degree  of  Bachelor  of  Science  in  Metallurgical  Engineering  at  Case  School 
of  Applied  Science,  June  1923.  Experimental  work  conducted  in  the  Re- 
search   Department   of    the    National    Malleable    Castings    Co.,    Cleveland,    O. 
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transformation    which   he   had    been    able    to    investigate   thermally 
was  that  of  the  formation  of  pearlite,  or  the  Al  point. 

Charpy  and  Cornu-Thenard  also  did  some  work  along  this 
line,  the  results  of  which  were  published  in  Vol.  XCI  of  the 
Journal  of  the  Iron  and  Steel  Institute  in  1915.  The  following 
is   a  summary  of   their   results. 

Influence  of  silicon  on  the  Al,  A2  and  A3  points: 

They  were  able  to  confirm,  as  other  observers  had  pointed 
out,  that  the  A3  point  rapidly  decreases  in  intensity  when  the 
percentage  of  silicon  increases,  at  the  same  time  rising  on  the 
temperature  scale.  The  temperature  at  which  the  Al  perturbation 
takes  place  rises  witlh  the  silicon  percentage,  this  point  reaching, 
and  then  passing  the  A2  point  while  becoming  gradually  fainter. 
After  reaching  a  given  percentage  of  the  metalloid  and  for  a  given 
rate  of  variation  of  the  temperature,  the  Al  point  completely  dis- 
appears, and  all  the  carbon  of  the  steel  is  found  in  the  state  of 
graphite. 

The  A2  point  falls  gradually  in  the  temperature  scale  as  the 
percentage  of  silicon  rises,  losing  little  by  little  its  intensity  the 
while,  but  still  persisting  in  a  very  clear  manner  in  metals  con- 
taining up  to  7  per  cent  of  the  metalloid.  xA.t  this  percentage  of  sili- 
con, the  A2  point  is  the  only  abnormality  which  appears  upon  ther- 
mal investigation,  in  alloys  containing  low  carbon,  even  when  the 
rate  of  variation  in  temperature  be  sufficiently  accelerated. 

The  most  recent  work  which  has  been  done  on  this  subject, 
exclusive  of  the  present  investigation,  is  that  of  Howard  Scotf. 
of  the  Bureau  of  Standards.  His  work  in  connection  with  ferro- 
silicon  alloys  was  done  on  steel  of  about  0.45  per  cent  carbon 
content.  The  manganese  averaged  about  0.70  per  cent.  Acl  is 
raised  21  degrees  centigrade  and  Arl  raised  18  degrees  Cent, 
for  each  per  cent  of  silicon  added  up  to  at  least  3  per  cent,  while 
A2  is  lowered  21  degrees  Cent,  for  the  same  increment. 

Description    of   Apparatus 
Crucibles 

A  satisfactory  crucible  in  which  to  melt  the  samples  was  a 
source  of  much  trouble  at  the  beginning  of  the  experiment.     The 
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crucible  which  was  finally  used  and  which  gave  good  results  was 
made  by  lining  a  graphite  shell  with  magnesia. 

Furnace 

The  furnace  used  for  melting  was  a  horizontal  granular 
carbon   resistance    type. 

Current  to  the  furnace  was  supplied  by  a  transformer  at  a 
maximum  of  90  volts.  Control  of  this  furnace  was  accomplished 
by  means  of  an  induction  voltage  regulator  connected  into  the 
power  line,  ahead  of  the  transformer. 

Casting 

Casting  was  done  in  a  box  filled  with  ordinary  molding  sand 
properly  tempered  and  packed.  The  test  pieces  were  made  about 
1/2  inch  in  diameter,  2^  to  33^  inches  long,  depending  upon  the 
amount  of  material  melted.  These  castings  were  allowed  to  cool 
in  the  sand.  When  cold  they  were  removed,  cleaned  and  machined, 
the   turnings   being   saved    for   chemical    analysis. 

Transformation  Point  Apparatus 

The  equipment  used  for  this  purpose  was  a  regular  type  trans- 
formation point  recorder,  as  manufactured  by  the  Leeds  and 
X'orthrup  company. 

Electrical  Resistance  Apparatus  for  Locating  A3 

In  an  effort  to  locate  the  A3  point  and  follow  it  further  than 
it  had  previously  been  followed  in  the  iron-carbon-silicon  alloys 
another  method  was  tried.  This  method,  suggested  by  H.  A. 
Schwartz  (modified  from  Honda),  employs  the  principle  that  the 
A3  transformation  is  accompanied  by  a  marked  change  in  electrical 
resistance. 

The  specimens  for  use  were  machined  into  the  shape  of  bars 
with  a  rectangular  cross  section  Y^  by  /^  by  ^\a  inches  long.  The 
samples  examined,  were  joined  at  one  end  to  a  bar  of  Armco 
(nearly  pure)  iron  of  the  same  dimensions.  The  samples  thus 
mounted  were  connected  as  shown  in  Fig.   L 

Li  Fig.  1,  I  represents  a  bar  of  Armco  iron  and  S  the  steel 
sample.  These  two  bars  are  joined  at  A.  from  which  point  a 
lead  is  taken  to  one  side  of  the  difference  galvanometer  of  the 
transformation   point  apparatus. 


6.^8 
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Current  is  supplied  by  the  battery  B,  which  is  conducted  to 
the  l)ars  by  iron  wires  connected  to  the  samples  at  the  points  C 
arid  C^  Another  set  of  lead  wires  are  connected  to  the  specimens 
at  the  points  E  and  E^.  These  wires  lead  to  the  variable  re- 
sistance Rl  and  R2.  From  the  point  F  another  lead  is  taken  to 
the  difference   oralvanometer   DG. 


Fig.     1 — Showing    Method    of     Connecting     Specimens     for     Obtaining     Their     Change 
in    Electrical   Resistance. 


When  the  battery  B  is  connected  and  the  resistance  Rl  and 
R2  properly  balanced,  no  curent  will  flow  through  the  circuit  F, 
DG,  A.  If  the  resistance  of  either  bar,  the  Armco  iron  or  the 
steel,  changes,  a  current  will  flow  through  that  branch  of  the  circuit 
and  thus  deflect  the  galvanometer  in  a  direction  depending  upon 
which  bar  changes  resistance.  Thus,  when  the  apparatus  so  ar- 
ranged and  balanced,  is  heated  through  the  critical  range  of  one 
of  the  bars,  a  deflection  will  be  produced  in  one  direction.  This  de- 
flection will  be  counteracted  when  the  other  specimen  reaches  its 
transformation  point  and  changes  resistance,  provided  that  the  re- 
sistance of  both  bars  changes  in  the  same  direction. 

The  temperature  of  the  specimen  is  measured  by  placing  a 
thermocouple  close  to  the  specimen  at  the  point  H.  This 
is  then  connected  to  the  potentiometer  of  the  transformation 
point  equipment.  By  this  procedure  both  the  temperature  and  the 
change  of  resistance  could  be  recorded  directly  upon  the  regular 
type  of  chart  used  with  this  equipment. 

The  type  of  curve  which  would  be  expected  from  this  pro- 
cedure is  shown  in  Fig.  2.  The  slope  of  the  line  AB  is  due  to 
a  slow  but  constant  heating  of  the  specimen  accompanied  by  a 
gradual  and  slightly  differential  change  in  resistance  of  the  speci- 
men.     When    the    transformation    point    of    one    of    the    bars    is 
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reached  such  as  the  point  B,  a  change  in  resistance  occurs  which 
is  accompanied  by  the  corresponding  deflection  BC.  When  the 
transformation  has  completed  itself  the  course  of  the  curve  will 
be  along  the  line   CD.  practicaly  parallel  to,  or  in  the  same  gen- 


F'l'     .' — ''"■■II"    of    Curve    to    l)e    Exjiected 
ironi  Tests   Made  with  Apparatus  in   Fig.    1. 

eral  direction  as  AB.  When  the  transformation  point  of  the  sec- 
ond bar  is  reached,  its  resistance  changes  and  is  accompanied  by 
the  deflection  DE.  If  these  deflections  should  happen  to  occur 
at  the  same  temperature  and  the  amount  by  which  the  resistance 
changes  be  the  same,  no  deflection  would  occur  and  we  would  have 
the    straight    line    ABEF. 

Upon  repeated  heating  and  cooling  the  deflection  correspond- 
ing to  the  A3  point  for  the  Armco  iron  should  always  occur  at  the 
same  temperature.  By  using  different  steel  samples  with  vary- . 
ing  silicon  content,  the  position  at  which  the  deflection  due  to  the 
A3  point  in  the  steel  occurs  will  move  up  or  down  the  temperature 
scale.  Thus,  by  making  a  series  of  these  curves  it  should  be  pos- 
sible to  trace  the  path  of  the  A3  point  as  it  changed  its  position, 
due  to  the  silicon  and  carbon  of  the  steel. 

Detailed  Account  of  Method  of  Procedure 

The  samples  tested  were  prepared  from  Armco  iron,  ferro- 
.silicon  and  washed  metal,  melted  together  in  the  proper  proportion 
to. give  the  desired  chemical  analysis.  Four  series  of  samples  were 
selected,  each  series  having  a  different  carbon  content,  ranging 
from  0  to  0.75  per  cent,  namely  0,  0.25,  0.50  and  0.75  per  cent. 
For  each  of  these  carbon  percentages,  samples  were  prepared  with 
silicon   contents   approximately  0,   0.50.    1.00,   2.00.   3.00   and   4.00 
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per  cent.     Considerable  difficulty  was  experienced  in  making  speci- 
mens of  the  desired  compositions. 

When    the    calculated    amounts    of    each    material    had    been 
charged    into    the    hot    crucible    and    allowed    to    melt,    they    were 


Table  I 
Chemical  Composition  and  Thermal-Critical  Points  of  Steels  Tested 


Caib  n 

Silicon 

C 

'ritical  Points 

— Degrees 

Fahrenheit 

Sample 

Per  cent 

Per  cent 

Acl 

Series- 1 

Arl 

A2 

Number 

0.26 

0.07 

1340 

1300 

1405 

700 

0.26 

1.20 

1400 

1310 

1395 

24 

0.10 

5.00 

1595 

Series- 2 

1530 

1330 

15 

0.38 

0.39 

1330 

1305 

1350 

20 

0.38 

0.54 

1335 

1310 

1350 

19 

0.34 

0.63 

1385 

1310 

705 

0.38 

2.03 

1460 

1360 

1390 

520 

0.30 

4.35 

1640 

Series-3 

1590 

1350 

540 

0.48 

1.48 

1400 

1300 

1370 

18 

0.47 

2.25 

1395 

1250 

1290 

710 

0.52 

3.45 

1510 

1400 

1380 

14 

0.44 

3  90 

1530 

Series-4 

1440 

1365 

16 

0.64 

1.80 

1410 

1390 

1390 

720 

0.64 

2.45 

1475 

1380 

17 

0.59 

4.03 

1510 

1510 

1220 

740 

O.SS 

0.66 

1370 

Series-5 

1310 

1345 

23 

1.32 

0.01 

1300 

1330 

10 

0.72 

0  25 

1340 

1300 

21 

0.94 

0  J5 

1360 

1305 

11 

1.02 

l.CO 

1400 

Series-6 

1400 

-12 

0.74 

1.90 

1445 

1390 

1415 

13 

0.70 

1  92 

1450 

1370 

1420 

22 

vigorously  stirred  with  a  soft  iron  wire  and  then  allowed  to  re- 
main in  the  furnace  for  about  ten  minutes,  so  as  to  insure  thorough 
mixing   of   the   different  materials  charged. 

When  ready  to  pour,  the  current  was  turned  off  from  the  fur- 
nace and  the  crucible  removed  with  a  pair  of  tongs.  The  liquid 
melt  was  then  poured  into  a  mold  made  with  ordinary  molding 
sand.    All  analyses  are  recorded  in  Table  I. 

Thermocritical  curves  were  taken  on  all  of  the  samples 
made.  It  proved  impossible,  however,  to  follow  the  A3  trans- 
formation with  the  transformation  equipment,  so  it  was  decided 
that  a  series  of  cooling  curves  should  be  taken  on  liquid  low 
carbon  samples  of  different  silicon  content.  This  procedure  was 
tried  by  melting  up  material  of  the  desired  composition  and  then 
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placing   a    thermocouple    in    the    bath,    the    couple    being   protected 
by  a  fused  quartz  tube.     This  method  did  not  prove  to  be  a  sue- 


y 

^      ,/tr/ 

■ 
A 

/" 

// 

■y 

' 

A/ 

/600 


K. 
•^/500 


/300 

/  2-3  4 

F^rCen/  Si /icon 

Fig.   4 — Showing  the  Effect  of  Various   Amounts  of  Silicon   on  the 
Critical   Points  of  a   0.30   to   0.40    Per   cent   Carbon   Steel. 
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Fig.    3 — Showing    the    Effect    of    Various    Amnunts    of    Silicon    on    the 
Critical   Points  of  a   0.10   to   0.26  Per   Cent   Carbon    Steel. 


cess,  due  to  the  fact  that  the  rate  of  cooling  was  too  irregular  even 
though  precautions  were  taken  to  promote  regular  cooling.  The 
results  from  these  tests,  when  plotted,  were  meaningless  for  any 
of  the  points  other  than  Al. 
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Discussion  and   Conclusions 

In  taking  the  data  incorporated  in  the  results  of  this  investi- 
gation the  location  of  the  Acl  and  Arl   points  was  taken  at  the 


2  3 

Per  Cenf  S///con 

Fig.    5 — Showing    the    Effect    of    Various   Amounts    of    Silicon    on    the 
Critical   Points  of  a   0.44  to   0.52   Per   Cent   Carbon   Steel. 
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Fig.    6 — Showing   the    Effect    of    Various    Amounts    of    Silicon    on    the 
Critical    Points    of    a    0.58    to    0.64    Per    Cent    Carbon    Steel. 


point  at  which  the  break  in  the  transformation  curve  starts.  In 
the  interpretation  of  the  A2  point,  a  different  method  or  system 
was  employed.     Due  to   the   characteristic   shape  of   the  A2   point 
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tlie  jjeak  of  the  break  was  taken  as  the  temperature  of  the 
transformation.  There  is  very  Httle  hysteresis  in  the  A2  po'nt. 
so.  consequently,  it  often  happens  that  the  A2  transformation  may 


2  3 

Ft r  Cent  Si/ icon 

Fig.    7 — Showing   the    Effect    of    Various    Amounts    of    Silicon    on    the 
Critical    Points   of   0.70    Per   cent    Carbon    Steel. 
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Fig.  8 — Reproduction  of  Transformation 
Point  Curve  of  a  0.26  Per  Cent  Carbon, 
0.07     Per    Cent     Silicon     Steel. 


Fig.  9 — Reproduction  of  Transformation 
Point  Curve  of  a  0.26  Per  Cent  Carbon, 
1.20    Per    Cent    Silicon     Steel. 
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Fig.  10 — Reproduction  of  Transformation 
Point  Curve  of  a  0.10  Per  Cent  Carbon, 
5.00    Silicon    Steel. 


Fig.  1 1 — Reproduction  of  Transformation 
Point  Curve  of  a  0.38  Per  cent  Carbon, 
n.39    Per   Cent    Silicon    Steel. 
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Fig.  12 — Reproduction  of  Transformation 
Point  Curve  of  a  0.30  Per  Cent  Carbon, 
4.35  Per  Cent  Silicon  Steel.  Curve 
Smoothing  out  at  High  Silicon  Content. 


Fig.  13 — Reproduction  of  Transformation 
Point  Curve  of  a  0.52  Per  Cent  Carbon. 
3.45    Per    Cent    Silicon    Steel. 
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be  hidden  in  the  Acl  transformation  on  the  heating  curve  while 
on  the  cooling  curve  the  Arl  transformation  will  be  lowered,  due 
to  hysteresis,  sufficiently  to  show  the  A2  point.  If  the  A2  point 
was  obtained  on  both  the  heating  and  cooling  curves  it  was  found 
that  the  Ac2  point  would  be  slightly  above  the  Ar2  jwint.  In  such 
a  case  the  mean  of  the  two  points  was  taken  as  the  actual  critical 
point. 

A  tabulation  of  the  temperature  at  which  the  Acl,  Arl,  and 
A2  points  occur  is  found  in  Table  I.  When  these  values  are  plotted 
as  in  Figs.  3,  4,  5,  6  and  7,  the  effect  of  silicon  on  the  thermo- 
critical  points  is  shown. 

It  was  found  that  the  Al  transformation  remained  a  horizon- 
tal line  in  the  Iron-Carbon  diagram,  but  was  gradually  raised  in 
proportion  to  the  silicon  content.  The  Acl  point  rose  an  average 
of  28.1  degrees  Cent,  for  each  per  cent  of  silicon,  while  the  Arl 
point  rose  28.9  degrees  Cent,  for  each  per  cent  of  silicon.  If  the 
average  of  the  Acl  and  Arl  points  be  taken  as  the  position  of  the 
Al  point,  and  a  line  drawn  through  this  average  value,  it  will 
intersect  the  temperature  ordinate  at  1300  degrees  Fahr.  or  704 
degrees  Cent.  This  is  the  value  for  iron  obtained  from  this  work 
and  differs  from  the  temperature  generally  accepted  for  Al  by 
only  10  degrees  Fahr.  or  6  degrees  Cent.  This  small  discrepancy 
is  well  within  the  working  limits  of  the  apparatus  and  any  personal 
error  which  might  enter  into  the  results.  Figs.  8,  9,  10.  11,  12 
and  13  show  some  of  the  types  of  curves  obtained. 

By  the  method  of  interpretation  employed  for  the  .\2  points 
of  the  curves  from  samples  included  in  Series  1,  the  effect  of  the 
silicon  is  to  lower  the  point  by  11.1  degrees  Cent.  This  value 
is  very  close  to  the  value  noted  by  previous  investigators  with  the 
exception  of  Howard  Scott,  whose  work  was  performed  on  steels 
of  about  0.45  per  cent  carbon. 

The  remaining  series  do  not  check  Series  1  in  regard  to  the 
lowering  of  the  A2  point.  Undoubtedly  discrepancies  of  interpre- 
tation occur,  due  to  the  range  of  carbon  content  of  the  samples 
included  in  each  series,  inasmuch  as  the  carbon  does  affect 
the  ix)sition  of  the  A2  points  in  steels.  The  variation  in 
carbon  content  cannot  be  made  to  account  for  all  the  difference 
in  Series  2,  3,  and  4,  because  in  these  series  the  difference  from 
Series  1  is  too  great  for  the  small  variation  in  carbon  to  produce. 
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In  Series  4.  the  A2  point  tends  to  rise  somewhat  as  the  silicon 
increases  until  2.5  per  cent  is  reached  after  which  point  it  lowers 
rapidly.  This  break  in  the  A2  point  was  also  noted  by  Charpy 
in  his  work  on  the  subject.  A2  as  noted  in  the  graphs  representing 
Series  2  and  3  is  practically  horizontal  with  perhajjs  a  slight  ten- 
dency to  drop. 

So  far  as  this  problem  was  carried  nothing  definite  was 
learned  about  the  A3  point  except  that  with  the  addition  of  silicon, 
it  becomes  very  faint  and  difficult  to  find.  The  method  involving  the 
change  of  electrical  resistance  points  tcnvard  a  ix)ssible  method  of 
following  the  transfomiation. 

The  author  wishes  to  express  his  appreciation  to  all  tho.se 
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with  thi.s  investigation.  Especially  does  he  wish  to  thank  H.  A. 
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Companv,  for  the  privilege  of  working  in  his  research  laboratory, 
and  for  the  many  valuable  suggestions  made  in  connection  with 
the  problem.  Likewise  does  he  wish  to  express  his  appreciation 
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The  Question  Box 

A  Column  Devoted  to  the  Asking,  Answering  and  Discussing 

of  Practical  Questions  in  Heat    Treatment  —  Members 

Submitting  Answers  and  Discussions  Are  Requested 

to  Refer  to  Serial  Numbers  of  Questions 


NEW   QUESTIONS 

QUESTION  NO.  99.  What  is  the  effect  of  barium  carbonate 
and  sodium  carbonate  in  carburizing  compounds,  on  alloy  carburis- 
ing  boxes? 


QUESTION  NO.  100.  What  action  results  from  the  addition 
of  varying  amounts  of  aluminum  and  ferrosilicon  to  steel  wJiilc  cast- 
ing? 


ANSWERS   TO   OLD   QUESTIONS 

QUESTION  NO.  67.  What  is  the  reason  for  the  fact  that  a 
piece  of  steel  quenched  in  brine  zvill  be  harder  than  the  same  piece 
of  steel  would  be  if  quenched  in  water,  providing  that  the  quench- 
ing temperatures  and  quenching  medium  temperatures  are  the 
same  in  each  case? 

ANSWER.  By  S.  A.  Richardson,  Department  of  Engineering, 
Lewis  Institute,  Chicago. 

The  ability  of  any  medium  to  extract  heat  from  a  piece  of 
steel  depends  upon  a  combination  of  certain  physical  and  chemical 
properties.  It  is  quite  generally  agreed  that  these  properties  are 
viscosity,  boiling  or  volatilization  point,  thermal  conductivity,  den- 
sity, specific  heat,  latent  heat  of  vaporization  and  heat  of  (chemical) 
dissociation.  The  substance  possessing  the  right  combination  of  these 
properties  will  be  a  more  drastic  quenching  medium  than  a  substance 
not  possessing  this  ideal  combination.  The  actual  temperature  of 
the  medium,  within  reasonable  limits,  may  exert  but  little  influence 
in  such  a  case  as  outlined  in  this  question. 


QUESTION  NO.  69.  Is  sulphur  up  to  0.10  per  cent  detri- 
mental to  the  quality  and  physical  properties  of  an  automotive 
steel? 
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QUESTION  NO.  72.     IV hat  elements  are  conducive  to  good 
electric  hntt-wclding  of  steels? 


QUESTION  NO.  73.  Docs  electric  biitt-wclding  destroy  the 
physical  properties  developed  in  a  steel  wliich  has  been  Jieat  treated 
prior  to  the  welding  operation? 


QUESTION  NO.  7 A.  Why  shouldn't  a  bar  of  steel  rolled 
from  a  locomotive  axle  be  better  than  one  rolled  direct  from  the 
billet  made  from  the  original  ingot? 


QUESTION  NO.  83.  In  annealing  high-carbon  tool  steel 
in  an  open-fire  furnace  6'  x  12'  is  it  likely  that  sulphur  zvould  be 
imparted  to  tJic  steel  by  the  use  of  producer  gas  made  from  coal 
unusually  high  in  sulphur,  say  around  1.50  to  2.00  per  cent? 


QUESTION  NO.  85.  What  is  the  best  method  of  prevent- 
ing carburisation  in  holes,  or  in  the  bore  of  parts  to  be  case  hard- 
ened? 


QUESTION  NO.  92.  What  is  m.eant  by  reduction  of  area 
in  tensile  testing  of  metals? 

ANSWER.  By  S.  A.  Richardson,  Department  of  Engineering, 
Lewis  Institute,  Chicago. 

When  specimens  of  steel  are  subjected  to  tensile  stress  they 
undergo  a  decrease  in  diameter,  or  cross  section  at  right  angles  to 
the  direction  of  the  pull.  The  ratio,  after  rupture  of  the  bar.  be- 
tween the  area  at  the  ]X)int  of  greatest  decrease  in  diameter  and 
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tlie  original  area  of  the  specimen,  determines  the  ])er  cent  reduction 
»'t  area.     It  is  a  measure  of  the  ductilitv  of  the  steel. 


QUESTION  NO.  93.  What  arc  the  more  common  methods 
of  quenching  ordinary  taps?  Arc  they  quenched  all  over  and  the 
shanks  drawn,  or  arc  they  quenched  only  on  the  threaded  portions; 
or  are  both  the  threaded  portions  and  th.c  tanc/s  quenched,  leaving 
the  center  portion  of  the  shank  soft? 


QUESTION  NO.  94.     JUhat  arc  the   most  salient  causes  of 
the  e.vplosivc  disruption  of  many  Jiardcncd  steel  articles? 

ANSWER.  By  S.  A.  Richardson.  Department  of  Engineering, 
Lewis  Institute,  Chicago. 

The  explosion,  or  sudden  hreaking  of  the  steel  is  cau.sed.  of 
course,  l)v  internal  stress,  which  apparently  may  he  produced  hy  two 
causes.  The  tirst  condition  is  ohserved  more  often  in  pieces  of  con- 
siderahle  mass.  It  appears  that  the  outer  shell  of  the  piece  of 
quenched  steel  undergoes  the  changes  occurring  in  the  critical  range 
and  becomes  .set  before  the  interior  has  accomplished  these  changes, 
>o  that  the  marked  expansion  that  should  take  place  is  suppressed 
in  the  interior  of  the  steel.  The  stress  set  up  by  th«  interior  of 
the  steel  endeavoring  to  effect  this  volume  ch.ange  is  usually  suffi- 
cient to  bur>t  the  piece.  In  most  cases,  this  can  be  prevented  b\- 
jilacing  the  piece  in  the  drawing  furnace  or  bath  immediately  upon 
its  removal  from  tlie  quenching  tank,  thus  softening  the  exterior 
.>o  that  it  will  give  without  cracking.  The  same  thing  may  often  be 
done  by  withdrawing  the  quenched  piece  from  the  bath  as  soon  as 
the  steel  is  l)lack,  so  that  it  may  be  tempered  by  its  residual  heat. 
The  second  condition  may  be  due  to  a  nonuniform  quenching,  non- 
uniform drawing,  or  quenching  a  nonuniformly  heated  piece.  Thus — 
a  properly  quenched  jjiece  of  steel — all  martensite — if  drawn  over 
only  part  of  its  ma.ss  will  rupture  in  the  same  manner.  The  ex- 
i)lanation  appears  to  be  that  the  constituent  produced  by  the  draw- 
ing, say  troosto-sorbite,  has  a  different  volume  than  the  constituent 
(<i  the  untem])ered  area,   which  we  have   said  is  martensite.     Two 
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unequal    xolumes    in  a    piece   of    steel    will    set    up    internal    >tres> 

sufficient  to   produce  ru])ture,   or   in   a   mryre   ductile   steel,   to   pro- 
duce \varpinj(. 


QUESTIOX  XO.  95.  What  is  meant  by  ''self  hanlcnimj" 
steels-' 

ANSWER.  By  Frank,  (larratl.  sui)erintendeni.  Latrobe  l*'lec- 
tric  Steel  Co..  Latrobe,  Pa. 

In  a  general  sense  "self-hardening"  steels  are  those  which,  by 
the  addition  of  some  ~  element  other  than  carbon  become  hard 
when  cooled  freely  in  air  from,  or  above,  their  hardening  temi)era- 
tures. 

From  this  definition  it  will  be  seen  that  "self-hardening"  steels 
may  cover  a  wide  range  of  composition  including  particularly, 
certain  chromium,  nickel  chromium,  molyhdenum  chromium,  and 
tungsten  chromium  steels,  and  certain  combinations  of  tungsten, 
chromium,  molybdenum,  and  vanadium.  High-s])eed  steel  is  the 
mcjst  common  example  of  "self -hardening"  steels. 

\\  bile  the  definition  given  above  may  include  a  large  number 
of  steels,  some  tool  steel  manufacturers  and  users  have  in  mind  a 
certain  distinct  type  of  steel  \vhen  the  term  "self-hardening"'  is 
used.  This  type  of  steel  is  the  forerunner  of  the  modem  high- 
speed steel,  and  as  compared  with  the  latter  is  very  high  in  carbon, 
low  in  tungsten,  and  free  from  vanadium.  In  certain  cases  molyb- 
denum has   re[)laced   the  tungsten  addition. 

This  steel  came  into  use  soon  after  Alushet's  discovery  that 
tungsten  iii  combination  with  carbon  and  manganese  (and  later 
chromium)  produced  the  jiroperty  of  the  steel  becoming  hard  on 
cooling  freely  in  air  from  the  hardcm'ng  temperature.  Owing  to 
this  very  unusual  property,  at  that  time,  the  steel  was  called  ".self- 
hardening." 

As  these  early  types  were  perfected,  resulting  in  steels  of 
changed  compositions  and  greater  cutting  cai>acities,  the  term  "high- 
speed" steel  came  into  more  general  use,  and  the  term  "self-hard- 
ening" was  retained  to  distinguish  the  early  tyi)es  of  cutting  tools 
from  the  more  modern   high-speed   steels. 
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Some  actual  analyses  of  these  early  types  of  "self-hardening" 
steels  are  as  follows: 

Carbon     2.18  1.79  .98  1.42 

Tungsten     8.80  7.87  8.75  none 

Chromium     1.89  3.72  2.98  3.39 

Molybdenum     ....none  none  none  3.41 

Silicon     1.13  .15  .28 

Manganese      2.24  .28  .39 

It  should  be  understood,  of  course,  that  the  term  "self-hard- 
ening" is  used  in  a  relative  sense,  since  the  sections  treated  naturally 
influence  the  rate  of  cooling,  and  the  degree  of  hardness  acquired 
(which  must  also  be  taken  into  consideration)  is  dependent  to 
a  certain  extent  upon  such  rates  of  cooling. 

Steels  that  ordinarily  are  not  classed  as  "self-hardening"'  might 
become  hard  on  air  cooling  if  the  section  is  sufficiently  small,  while 
unusually  large  sections  of  some  "self-hardening"  steels  may  not 
become   sufficiently   hard  on  merely  air  cooling. 


QUESTION  NO.  96.  Can  the  structure  of  a  piece  of  steel 
be  determined  by  the  microscope  applied  to  the  fracture  of  a 
cross  section,  unthont  polishing  and  etching  the  fracture,  say  of  a 
stamping  die  6  x  2  .v  3^  inches,  that  has  been  hardened  and 
broken  in  half,  that  is,  are  the  different  structural  phenomena 
knozvn  as  austenite,  martensite,  sorbite,  ferrite,  etc.,  so  determin- 
able f 


QUESTION  NO.  97.     What  degree   of  heat  is  required  to 
change  austenite  to  martensite,  troosite,  etc? 


QUESTION  NO.  98.  What  heat  treatment  udll  give  a  pure 
martensite  structure  throughout  the  hardened  area  of  a  piece  of 
steel  6  X  2  x  VA  inches? 
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OPPORTUNITY 

ARE  you  ready  when  Opportunity  knocks  at  your  door?  Will 
you  know  when  Opportunity  really  knocks?  Preparation  for  that 
time  must  be  a  continual  process  of  observation,  study  and  appli 
cation  of  one's  mental  capacities  along  those  lines  in  which  he  is 
best  adapted.  Opportunity  is  ever-ready  and  is  almost  constantly 
knocking,  but  in  most  instances  we  are  not  ready,  and  cannot 
acknowledge  the  call.  Preparedness  should  be  our  watchword  at 
all  times,  as  it  is  only  through  being  prepared,  that  we  are  ab!e 
to  accept  outstanding  opportunity  as   it  is  presented. 

There  are,  of  course,  many  types  and  varieties  of  oppor- 
tunity. Most  of  us  take  advantage  only  of  mediocre  conditions  of 
life.  It  is  only  through  expending  great  effort  in  both  mental 
and  physical  endeavor,  that  we  can  expect  to  arrive  at  an  enviable 
position  or  station  in  life.  Usually  one  gets  out  of  life  about  what 
he  puts  into  it,  and  likewise  one's  services  are  in  demand  in  just 
about  that  proportion  that  he  has  made  himself  more  valuable 
than  his  colleagues  or  co-workers.  Initiative  must  be  an  outstand- 
ing factor.  Those  individuals  who  display  a  high  order  of  in- 
itiative are  selected  and  presented  with  that  intangible  something  we 
call  opportunity. 

The  study  of  personal  success  involves  many  attributes  of  a 
person.  Success  is  attainable  by  all,  but  it  cannot  be  attained 
without  courage  and  work.  The  little  things — the  details,  are  of 
paramount  importance.  Do  you  ever  ask  yourself  whether  or  not 
you  do  the  little,  minor  details,  well?  If  not,  it  would  be  well  for 
you  to  inquire  into  this  matter.  Should  you  determine  that,  per- 
haps, you  have  been  somewhat  negligent,  it  would  be  well  for  you 
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to  turn  to  a  new  leaf  in  your  book  of  life,  and  resolve  to  give  the 
details  of  your  daily  work,  the  attention  that  they  really  deserve. 
It  is  common  knowledge  that  if  the  bricks  in  ft  wall  are  poorly 
made  and  poorly  laid,  there  can  be  no  other  result  but  a  weak 
structure. 

The  man  who  does  a  task  only  moderately  well  will  be  only 
moderately  compensated.  The  man  who  does  the  task  very  much 
better  than  anyone  else,  will  be  compensated  in  proportion.  The 
world  is  constantly  looking  for  those  who  can  do  things  better 
than  anyone  else  can  do  them,  and  it  is  to  those  who  are  prepared 
to  accept  the  opportunity  as  it  comes,  who  will  have  the  straight 
road  to  success. 

Be  prepared,  and  the  opportunity  for  you  to  show  your  ca- 
pacity will   be  ever-present. 


THE  BUSINESS  SITUATION 

WHEN  the  records  of  the  year  1923  are  entered  in  the  annals 
of  American  business,  the  year  will  be  described  as  one  of 
prosperity  just  as  surely,  although  not  so  emphatically,  as  1921  will 
be  remembered  as  one  of   depression. 

In  spite  of  the  muddled  conditions  which  have  been  prevalent 
in  Europe  for  the  past  five  years,  and  which  still  seem  to  be  a 
long  way  from  being  settled,  America  has  shown  a  healthy  business 
growth  especially  in  the  past  two  years. 

During  the  summer,  declines  appeared  in  a  number  of  lines,  but 
this  condition  has  changed  to  one  of  gains,  especially  in  the  auto- 
mobile production,  building  construction,  copper,  and  other  non- 
ferrous  metals.     Stability  and  steadiness  prevail. 

Conditions  in  the  iron  and  steel  industry  are  not  so  encour- 
aging, with  prices  falling,  orders  declining,  and  output  tending 
downward.  The  mills  are  producing  at  about  80  per  cent  of 
capacity  and  the  industry  is  permeated  by  a  spirit  of  caution.  How- 
ever, with  increases  in  railroad  orders  and  the  recent  favorable 
earnings  report  of  the  United  States  Steel  Corp.,  lend  a  favorable 
tone  to  the  situation. 

All  in  all,  the  general  business  forecast  is  that  basic  condi- 
tions are  sound,  and  that  for  the  next  six  months  business  pros- 
perity will  prevail. 
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WINTER  SECTIONAL  MEETING 

THE  winter  sectional  meeting  will  be  held  under  the  auspices  of 
the  Rochester  Chapter  of  the  Society  on  Thursday,  Jan.  31.  and 
Friday,  Feb.  1,  1924  with  headquarters  at  the  Hotel  Seneca, 
Roc'hester,  N.  Y.  . 

The  program  for  this  meeting  is  as  follows : 

Thursday,  January  31 

11:00  a.  111.      Registration  and  Teclinical  Paper,  at  Seneca  hotel. 
12:30  p.  m.     Luncheon,  at  Seneca  hotel. 
2:00  p.  m.-5  :00  p.  m.     Three  Technical  Papers. 
6:30  p.  m.     Joint  Banquet  of  Rochester  Chapter  of  the  American 
Society  for  Steel  Treating  and  the'  Chamber  of  Com- 
merce at  the  Chamber  of  Commerce  building. 
Toastmaster — Doctor    Rush    Rhees.    president    of    the 

University  of  Rochester. 
Speaker — Doctor    G.    K.    Burgess,    president    of    the 
American    Society    for    Steel    Treating,    and    di- 
rector of   the  Bureau  of   Standards. 
"Relation  of  the  Government  to   Industry." 

Friday,  February   1 

6:30  ]).  m.  Joint  Banquet  of  Rochester  Chapter  of  llu'  American 
Society  for  Steel  Treating. 

Plant  visitation :  I.  L.  Nixon,  chairman  of  the  committee,  has 
arranged  for  visiting  the  following  plants  in  the  oi'der  named : 
Gleason  Works,  the  Taylor  Instrument  companies ;  the  Bausch- 
Lomb  Optical  company;  the  research  laboratory  of  Eastman  Kodak 
company. 

A  complimentary  luncheon  will  be  served  to  visiting  mem- 
bers and  guests  in  the  private  dining  room  at  the  Bausch  and 
Lomb  Optical  company. 

The  morning  and  afternoon  technical  sessions,  as  well  as 
the  luncheon  will  be  held  at  the  Hotel  Seneca,  the  headquarters 
for  the  meeting. 

This  meeting  will  be  one  of  the  best  sectional  meetings  the 
MK'iety  has  held   and   the  papers   for  the  occa'^ion  are  going  to  be 
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HOTEL    SENECA 
Winter      Sectional      Meeting      Headquarters 

well  worth  while.  The  complete  list  of  speakers  will  be  announced 
in  the  January  issue  of  Transactions. 

Here  is  an  opportunity  for  the  members  to  aga'n  get  to- 
gether for  the  exchange  of  ideas  and  renewal  of  acquaintance,  and 
every  member  should  make  every  possible  effort  to  be  present. 

Please  make  your  hotel  reservations  early  and  directly  with  the 

hotel    management,    the    rates    for   which   are   as    follows : 

Rooms   equipped  with                                                                    Single  Double 

Hot  and  cold  running   water    $2.50  $  3.50 

Shower  baths    2.50  4.00 

Shower    baths     3.00  4.50 

Shower  baths    3.50  5.00 

Tub   baths    3.00  5.00 

Tub   baths    3.50  5.00 

Tub   baths    4.00  6.00 

Twin   beds    and    shower    baths    5.00 

Twin   beds   and   tub   baths    7.00 

Two  double  beds  and  tub  bath   (4  persons)    10.00 

Parlors   $3.50  and   up,   per   daj-. 

In  making  reservations,  it  is  important  that  the  hour  of  ar- 
rival be  given,  as  reservations  are  not  held  after  10  p.m.,  except 
on  special  request. 

Kindly  make  second  choice,  in  the  event  your  first  choice  of 
rate  is   not  available. 

INFORMATION  OF  INTEREST  TO  MEMBERS  OF  THE 

SOCIETY 

^  I  ^HE    board    of    directors   of    the    American    Society    for    Steel 

-■-   Treating  at  its    regular   meeting   in   Washington,   unanimously 

voted  to  have  a  digest  of  the  minutes  of  their  meetings  published 
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in  future  issues  of  the  Transactions.  It  is  hoped  the  members 
at  large  will  take  greater  interest  in  the  work  of  their  national  offi- 
cers and  it  is  believed  that  this  action  will  meet  the  hearty  approval 
of  the  entire  membership. 

Your  attention  is,  therefore,  directed  to  the  digest  of  the  min- 
utes of  the  November  meeting  published  on  the  succeeding  pages 
of  this  issue  of  Transactions. 


VOLUME  IV  OF  TRANSACTIONS  COMPLETED 

THIS  issue  of  Transactions  completes  Volume  IV.  As 
previously  announced,  Transactions  will  be  issued  in  two 
volumes  per  year.  Volume  IV  covers  the  period  from  July,  1923, 
through  December,  1923.  Volume  V  will  include  the  period  from 
January,  1924,  through  June,  1924.  The  index  for  Volume  IV  is 
now  ready  and  copies  may  be  obtained  upon  request.  Address 
American  Society  for  Steel  Treating,  4600  Prospect  avenue,  Cleve- 
land,  O. 


EDUCATIONAL  ACTIVITIES  OF  THE  CHAPTERS 

THE  special  educational  activities  of  a  number  of  our  chapters 
is  indeed  a  most  worthy  and  commendable  endeavor.  Amorig 
those  chapters  which  are  either  fostering  courses  in  metallurgy  or 
metallography  under  their  own  supervision  or  in  co-operation  with 
local  educational  institutions  are,  Lehigh  Valley,  Philadelphia, 
Chicago,  Tri  City,  Milwaukee  and  Cleveland.  The  Lehigh  Valley 
and  Pittsburgh  chapters  have  offered  prizes  for  the  best  paper 
written  upon  the  subject  of  steel  and  its  treatment,  to  be  written 
during  the  current  year  by  engineering  students  at  Lehigh  uni- 
versity, Carnegie  Tech  and  the  University  of  Pittsburgh.  The 
Philadelphia  chapter  has  awarded  three  scholarships  to  shop  men 
for  the  evening  course  in  metallurgy  given  at  Temple  university. 
The  other  chapters  working  in  co-operation  with  local  educational 
institutions  are  conducting  evening  courses  for  the  benefit  of  their 
members.  A  very  active  interest  has  been  shown  in  this  work 
in  all  of  these  chapters,  and  it  shows  how  the  society  may  assist 
in  the  work  of  educating  its  co-workers. 
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REPORT   OF  THE  MEETING 

of  the 

BOARD  OF  DIRECTORS  OF  THE  AMERICAN  SOCIETY 

FOR  STEEL  TREATING 

Meeting   Held   at   the 

Bureau  of  Standards,  Washington,  D.  C,  Friday. 

November  2,  1923,  at  10:00  a.  m. 

All  Officers  and  Directors  Present 

A\  UXAUDriliiJ  tinancial  repoit  of  the  fifth  annual  con- 
-  \ention  of  the  society,  held  in  Pittsburgh,  October  8-12, 
1923,  was  presented.  The  report  showed  total  receipts  from 
all  sources  to  be  $38,848.48,  while  the  exp'enditures  amounted 
to  $26,879.30,  leaving  an  excess  of  income  over  expendi- 
tures of  $11,969.18.  It  was  pointed  out,  however,  that  this 
report  did  not  carry  the  overhead  for  the  remainder  of  the 
year  until  January  1,  and  that  there  were  a  few  outstanding 
l)ills  not  yet  received.  Upon  motion  duly  made  and  carried,  the 
unaudited  report  was  accepted  and  ordered  filed. 

Consideration  was  then  given  to  the  selection  of  a  con- 
vention city  for  the  sixth  annual  convention  to  be  held  in  1924. 
Invitations  Avere  received  from  New  York,  Boston,  Atlantic 
City,  Bufi'alo,  Cleveland,  Chicago,  and  Los  Angeles.  Inas- 
much as  four  of  the  previous  live  conventions  of  the  A.  S.  S.  T. 
had  been  held  in  central  or  western  territory,  the  board,  by 
unanimous  vote,  decided  that,  the  1924  convention  should  be 
held  in  Boston,  unless  the  convention  committee,  to  be  ap- 
pointed, should  report  otherwise;  and  that  the  dates  for  holding 
the  convention  should  be  decided  by  the  convention  com- 
mittee after  their  investigation.  The  President  then  appointed 
the  following  convention  committee:  Chairman,  Doctor  Bur- 
gess ;  members,  Messrs.  W.  S.  Bidle,  F.  P.  Gilligan,  and 
W.  IJ.  Eisenman. 

F.  P.  Gilligan  was  appointed  by  the  Board  as  their  repre- 
sentative   on    the    local    convention    committees    of    the    con 
vention  city. 

The  location  for  the  sectional  meetings  for  1924  was 
then  considered.     Owing  to  the  proposed  location  of  the  annual 
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convention  in  Boston,  u  rearrangement  of  cities  for  hcjldin^ 
sectional  meetings,  as  previously  determined  upon,  was  thought 
advisable.  It  was  unanimously  determined  that  the  winter 
sectional  meeting  should  be  held  in  Rochester,  X.  Y.,  in  Jan- 
uary, and  the  spring  sectional  meeting  l)e  held  in  Tri  Cities, 
the  exact  dates  to  be  determined  later. 

The  next  item  for  consideration  was  the  awarding  of  the 
Henry  Marion  Howe  medal.  The  Final  Awards  committee 
submitted  a  report  in  which  they  recommended  that  no  Howe 
medal  be  awarded  for  the  year  ending  July  31,  1923.  After 
some  discussion,  upon  a  majority  vote,  the  report  of  the 
committee  was   accepted   and   the  committee   discharged. 

President  Burgess  and  past-president  Lynch  presented  a 
report  of  their  attendance  at  the  Henry  Marion  Howe  memorial 
service  held  in  New  York. 

C'onsideration  was  next  given  to  the  appointing  of  com- 
mittees as  presented  by  President  Burgess.  The  committees  ap- 
pointed bv  the  President  received  the  unanimous  approval 
of  the  Board. 

FINANCE  C0MMITTP:E:  Chan-man,  Dr.  Zay  Jetfries ; 
members.  Roy  McKenna,  J.  M.  ^^'atson,  J.  \'.  Emmons  and 
Cieorge  L.  Norris. 

PUBLICATION  COMMITTEE:  This  committee  was 
ap])roved.  as  at  present  constituted  with  the  addition  of  two 
new  members  (J.  L.  McCloud  and  A.  W.  F.  Green);  the  com- 
mittee is  as  follows:  Chairman,  Prof.  H.  M.  Boylston  ;  Ray  T. 
Bayless,  vice  chairman  and  secretary;  members,  Messrs.  C.  M. 
Johnson.  A.  H.  d'Arcambal,  S.  C.  Spalding,  W.  H.  Laury,  H. 
Freeman,  E.  E.  Thum,  E.  W.  Ehn,  R.  S.  Archer,  J.  L.  McCloud 
and  A.  W.  F.  Green. 

MEETlNCiS  AND  PAPERS  COMMITTEE:  Chairman, 
L.  1).  Hawkridge ;  members.  Messrs.  H.  C.  Goodwill,  C.  E. 
.\IcQuigg.  Benjamin  Shepherd,  O.  T.  Muehlemeyer.  and  Ray  T. 
Bayless,  secretary. 

CONSTITUTION  AND  BY-LAWS  COMMITTEE: 
Chairman,  S.  M.  Havens;  members,  Messrs.  W.  P.  Woodside. 
"    .'■  -"^tagg  Jr..  Jerome  Strauss,  and  H.  Kenneth  Briggs. 

.MEMBERSHTI'  COMMITTEE:  Chairman.  W.  E.  Blvthe  ■ 
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members.  Messrs.  Arthur  Henry,  Robert  Schenck,  and  Sam 
Shagaloff. 

It  was  moved  and  unanimously  carried  that  there  should 
be  no  Library  committee  appointed  for  the  present  year. 
However,  the  national  secretary  was  instructed  to  send  a 
letter  of  appreciation  to  Dr.  J.  Culver  Hartzell,  for  his  services 
as  chairman  of  the  committee  in  the  past. 

The  next  question  taken  up  was  that  of  the  appointment 
of  a  Research  committee  as  well  as  the  field  it  was  to  cover. 
After  some  discussion  it  was  moved  and  carried  that  a  com- 
mittee consisting  of  H.  J.  French,  chairman,  with  Messrs. 
Brophy  and  Merica  should  be  appointed  to  have  a  meeting  and 
report  back  to  the  Board  whether  or  not  there  was  a  field 
for  a  Research  committee,  and  if  so,  what  that  field  might  be. 

NOMINATING  COMMITTEE:  President  Burgess,  in 
co-operation  with  the  Board  then  selected  the  following 
five  chapters  from  which  one  member  of  the  Nominating 
committee  should  be  appointed  by  the  chapter :  Boston, 
Detroit,  Schenectady,  Cincinnati,  and  Tri  City.  It  was 
understood,  however,  that  this  committee  was  not  to  be 
announced  until  January  1,  1924,  so  as  to  determine  if 
possible,  whether  or  not  the  new  scheme  for  the  nom- 
ination of  national  officers,  as  embodied  in  the  new 
constitution  might  be  made  effective  by  having  the  new  con- 
stitution and  by-laws  adopted  in  time  for  the  newly  consti- 
tuted Nominating  committee  to  have  a  meeting  at  the  next 
annual  convention. 

The  question  of  a  Standards  committee  was  next  pre- 
sented for  consideration,  and  the  recommendation  made  at 
the  annual  meeting  that  the  name  be  changed  from  "Standards" 
to  "Recommended  Practice"  committee,  received  the  approval 
of  the  Board.  R.  M.  Bird  then  gave  the  following  scheme  of 
organization   of  a   Recommended    Practice   committee : 

"The  recommended  Practice  committee  should  consist  of 
7  to  9  members,  whose  work  it  would  be  to  plan  and  ac- 
tiveh'  expedite  the  work  of  the  committee.  This  committee 
should  meet  about  twice  a  year,  and  there  should  be  a  paid 
secretary  to  carry  on  the  business  of  the  committee.  Such 
a  committee  would  function  in  the  following  rnanner:     As  an 
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example,  should  an  individual  suggest  that  it  would  be  well  to 
established  a  recommended  practice  for  the  heat  treatment  of 
locomotive  parts,  the  first  information  that  the  Recommended 
Practice  committee  should  have  is  whether  or  not  there  is  a 
real  need  for  such  a  recommended  practice.  It  would  then 
be  the  duty  of  the  secretary  of  the  committee  to  develop 
whether  or  not  there  is  that  need.  This  work  could  be  done 
either  through  visits,  letter,  personal  contact,  or  by  proper 
committees  in  the  chapters.  The  results  of  this  circularization 
would  then  come  back  to  the  Recommended  Practice  com- 
mittee. If  it  is  found  that  there  is  a  real  need  for  recom- 
mended practice  on  the  subject  under  consideration,  the  com- 
mittee would  then  appoint  a  sub-committtee  and  assign  it  this 
work.  This  sub-committee,  in  co-operation  \vith  the  secre- 
tary, would  collect  and  compile  proper  recommended  practice 
on  that  subject.  When  the  sub-committee's  work'  is  com- 
pleted the  report  should  be  presented  to  the  Recommended 
Practice  committee  and  could  be  handled  as  follows : 

1.  The   report  tentatively   accepted   and  the  sub- 
committee   discharged. 

2.  The    report    might    be    referred    back    to    the    sub- 
committee for  further  consideration. 

3.  The  report  could  be  dropped. 

If  the  report  was  tentatively  accepted  and  the  sub-com- 
mittee discharged,  the  report  should  then  be  referred  to  the 
membership  of  the  society  through  the  chapters,  or  by  a 
special  committee  in  the  chapter  appointed  to  consider  such 
matters.  If,  then,  the  report  comes  back  from  the  membership 
with  no  serious  objections  or  corrections,  it  then  comes  out 
as  a  tentative  recommended  practice  of  the  society  for  a 
period  of  one  year.  At  the  end  of  the  specified  time,  the  tenta- 
tive recommended  practice  should  come  back  to  the  member- 
ship of  the  society,  either  by  letter  ballot  or  before  the  annual 
meeting,  and  if  the  report  is  approved,  it  would  become 
a  recommended  practice."  Mr.  Bird  further  added  that  the 
supervision  of  the  data  sheets,  as  well  as  indicating  the  sub- 
jects on  which  data  sheets  should  be  written,  and  acting  as  a 
clearing  house  for  their  final  approval,  could  well  be  a  portion  of 
the  work   of  the   Recommended   Practice   committee.      It   was 
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felt  that  such  a  committee  when  properly  organized  would 
have  an  evolutionary  effect  in  producing  valuable  recom- 
mended practices,  and  would  develop  quite  rapidly  after  the 
work  was  started.  It  was  thought,  further,  that  as  the  mem- 
bership at  large  realized  tlie  scope  of  the  committee  and  the 
work  it  is  capable  of  doing,  they  themselves  will  initiate  sub- 
jects, and  even  prepare  recommended  practices  for  the  con- 
sideration of  the  committee. 

The  Board  was  very  fa\orably  inclined  toward  the  matter 
of  an  organization  as  proposed  by  Mr.  Bird,  and  it  was 
unanimously  agreed  to  organize  a  committee  on  recommended 
practice  along  the  lines  indicated. 

V\\  S.  Bidle,  chairman  of  a  committee  appointed  at  the 
meeting  of  the  Board  on  October  9th,  reported  that  the  com- 
mittee considered  it  advisable  to  recommend  the  employment 
of  a  man  to  act  as  secretary  to  the  various  national  com- 
mittees, and  to  perform  such  other  functions  as  might  properl\ 
be  determined.  Upon  motion  properly  made  and  unanimously 
carried,  this  report  was  accepted  and  it  was  decided  to  em- 
ploy such  a  man.  President  Burgess  then  appointed  the  fol- 
lowing committee  with  full  power  to  act:  Messrs.  W.  H. 
Risenman,  W.  S.  Bidle  and  Dr.  Zay  Jeffries. 

No  definite  appointments  w^ere  made  by  the  Presidem 
for  members  on  the  Recommended  Practice  committee,  with 
the  exception  of  the  appointment  of  J-  Fletcher  Harper  as 
chairman. 

Tt  was  moved  and  unanimously  carried  that  a  digest  of 
the  meeting  of  the  Board  should  be  published  in  the  first 
following  issue  of  Traxsactioxs.  and  also  that  the  chairman 
of  the  Finance  committee  should  prepare  a  quarterly  unaudited 
statement  for  publication  in  Traxsactioxs  in  order  that  the  mem- 
bership may  be  thoroughly  conversant  with  the  work  of  the 
Board  of  Directors,  as  Avell  as  the  financial  condition  of 
the  society. 

It  was  moved  and  unanimously  carried  that  the  following 
resolution  be  adopted  : 

■RESOLVED,  that  we  hereby  acknowledge  the  members  of 
the  Society  hereinafter  named,  as  authorized  to  handle  the  bankinj? 
affairs    and    to   deposit,  and    withdraw    moneys    from    whatever   bank 
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the  Finance  committee  may  designate  upon  checks  signed  by 
any  two  members  of  three  names  hereafter  given.  It  shall  b" 
necessary,  however,  that  one  signature  of  the  two  names  on  the 
checks  to  withdraw  must  be  that  of  the  treasurer  or  secretary. 
The  names  of  members  authorized  to  sign  checks  for  withdrawal 
or  deposit  are  Dr.  Zay  Jeffries,  national  treasurer;  W.  H. 
Eisenman,  national  secretary:  and  J.  V.  Emmons,  member  of  the 
Finance  committee." 

It  was  moved  and  unanimously  carried  that  the  bonds  of 
the  secretary  and  treasurer  for  $25,000  each,  be  continued,  and 
that  the  members  of  the  Finance  committee  authorized  to  sign 
checks  should  be  bonded  for  $2500  each ;  the  bonds  to  continue 
in  the  custody  of  the  President. 

The  following  resolution  was  presented,  and  upon  mo- 
tion properly  made  and  carried,  it  was  adopted: 

"Recognizing    the    universal    need    for    a    set    of    generally    ac- 
cepted Heat  Treatment  Definitions,  the  directors  of  the  A.  S.  S.  T. 
do   hereby   RESOLVE:   that   the   adoption   of   heat   treatment    defi- 
nitions properly  belongs  to  and  should  be  fathered  by  the  American 
Society    for    Steel   Treating,    and    that    the    Recommended    Practice 
committee  is  hereby  directed  to  take  this  matter  actively   in  hand  " 
The   secretary   then   gave   a   report  with    reference   to   the 
progress  of  the  data  sheets  and   informed  the   Board   that   the 
first   installment    of   this    material    would   be   mailed   about   the 
first    week    in    December.      The    Board    further   authorized    the 
secretary  to  place  the  name  of  the  member  of  the  Society  on 
the    binder    when    such    binders    were    purchased    through    the 
national  office. 

A  wire  was  received  from  Colonel  A.  E.  White  conveying 
his  kind  wishes  and  greetings.  The  secretary  was  authorized 
to  send  the  following  wire  to  the  Colonel: 

"The  Board  of  Directors  at  their  regular  meeting  in  Wash- 
ington express  appreciation  for  the  receipt  of  your  wire,  and  ex- 
tend to  you  kind  greetings.  They  realize  the  great  contribution 
you  have  made  to  the  progress  of  the  Society,  and  note  with 
regret  your  first  absence  from  the  meetings  of  the  Board." 

It  was  moved  and  unanimously  carried  that  the  Board 
authorize  the  Secretary  to  write  a  letter  of  appreciation  to 
J.  V.  Emmons  for  his  services  as  treasurer.  The  letter  is 
as  follows : 

My  dear  Mr.   Emmons: 

I    have    been    authorized    bv    the    Board    of    Directors    at    their 
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regular  meeting  in  Washington  on  November  2nd,  1923,  to  ex- 
press their  great  appreciation  for  the  valuable  services  you  have 
given   the   society  as   national   treasurer   during   the   past   two  years. 

Thej'  are  conscious  of  the  untiring  effort  and  careful  thought 
you  have  given  to  the  duties  of  your  office  and  the  financial  stand- 
ing of  the  society  at  the  present  time  is  due.  in  no  small  part, 
to   your   eininent   services. 

They  realize  how  impossible  it  is  to  adequately  express  their 
appreciation  by  written  words,  but  they  do  sincerely  wish  you  to 
know  that  as  officers  and  directors  of  the  society,  representing  the 
members,  your  aid  in  the  advancement  of  the  socie.ty  will  always 
be  considered  of  the  highest  merit. 

Yours  very  truly, 

(Signed)  W.  H.  EISENMAN. 

National   Secretarj\ 

S.  ]\I.  Havens,  chairman  of  the  Constitution  and  By-Laws 
committee  submitted  a  tentative  report  of  progress  in  making 
changes  in  the  new  constitution  as  recommended  by  the  mem- 
bers at  the  last  annual  meeting.  This  report  was  accepted  as  a 
report  of  progress. 

Requests  were  received  from  the  Los  Angeles  chapter  for 
a  national  officer  to  visit  their  chapter  some  time  during 
the  winter,  and  at  the  same  time  organize  chapters  of 
the  society  in  San  Francisco,  Portland  and  Seattle. 

-  A  communication  was  also  received  suggesting  the  ad- 
visability of  sending  an  A.  S.  S.  T.  representative  to  England 
during  the  next  spring  in  order  to  make  an  intensive  study 
of  English  technical  societies  as  well  as  to  attend  the  meetings 
of  the  Institute  of  Metals,  the  British  Iron  and  Steel  Institute, 
and  also  the  British  Empire's  Industrial  Exposition. 

Upon  m.otion  properly  made  and  unanimously  carried,  the 
secretary  was  instructed  to  secure  estimates  of  the  cost  of  the 
suggested  trips  and   report  at  the  next  meeting  of  the   Board. 

In  order  to  comply  with  the  laws  of  Ohio  in  which  the 
directors  of  the  society  elect  their  own  officers,  it  was  moved 
and  unanimously  carried  that  the  individuals  as  indicated  by 
the  members  as  their  choice  for  officers  should  be  the  officers 
and  directors  of  the  Board. 

The  meeting  adjourned  at  5:30  p.  m. 


CHARACTERISTICS    OF    SOME    MANGANESE    STEELS 
By  Jerome  Strauss 

Abstract 

This  paper  consists  in  part  of  a  rct'iciv  of  prc7'iousl\ 
published  data  on  manyanese  steels  and  in  part  pf  a  neic 
metallographic  \  survey  (supplemented  by  mechanical 
tests)  of  a  portion  of  the  iron-carbon-manganese  system. 

Following  a  brief  history  of  the  development  of 
iron-nwnganese  alloys,  an  account  is  given  of  those  man- 
ganese steels  that  have  found  commercial  application. 
Their  mechanical,  electrical  and  magnetic  properties  are 
briefly  considered. 

The  relation  of  microstructure  to  mechanical  proper- 
ties in  a  series  of  steels  prepared  in  an  induction  fur- 
nace, forms  the  basis  for  a  discussion  of  the  constitu- 
tion of  these  alloys  and  of  possible  improvonents  in 
some  of  the  commercial  combinations.  In  conclusion,  di- 
rections in  zvhich  manganese  may  prove  useful  as  an 
alloying   element,  are   indicated. 

Introduction 

THE  history  of  modern  alloy  steel  development  begins  with  Sir 
Robert  A.  Hadfield's  researches  into  the  effect  of  large 
additions  of  ferromanganese  to  soft  steel.  There  had  been 
previously  some  inquiry,  of  course,  into  the  properties  imparted 
by  the  introduction  of  manganese,  nickel,  chromium  and  other 
elements  but  these  either  w^ere  unsystematic,  or  were  discontinued 
(at  least  in  the  case  of  manganese)  upon  the  first  appearance  of 
undesirable  characteristics  in  the  product,  with  increasing  per- 
centages of  the  added  element.  Credit  must,  therefore,  be  given 
Hadfield  for  his  broader  vision.  His  pioneering  where  others  saw 
merely  useless  expenditure  of  effort  opened  a  field,  which  in  the 
40  years  since  the  announcement  of  his  success,  has  been  widely 
settled  yet  cultivated  only  in  scattered  spots.  Our  knowledge  of 
alloy  steels  is  still  in  its  infancy. 


A  paper  presented,  in  part,  before  the  Philadelphia  chapter  of  the 
Society.  The  author,  Jerome  Strauss,  is  material  engineer,  United  States 
Naval  Gun  Factory,  Washington.  D.  C. 
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Returning  to  the  specific  question  of  manganese  steels,  we 
find  perhaps  the  first  mention  of  the  nonmagnetic  iron-manganese 
alloys  by  Rinman,  who  in  1774  observed  that  the  white,  brittle  metal 
obtained  by  fusing  equal  parts  of  gray  pig  iron  and  manganese 
oxide  was  not  attracted  by  a  magnet.  About  1830,  David  Mushet 
prepared  alloys  containing  up  to  30.0  per  cent  manganese  using 
manganese  oxide,  iron  oxide,  cast  iron,  charcoal  and  fluxing 
agents.  He  also  noted  the  failure  of  the  high-manganese  alloys 
to  be  attracted  by  a  magnet  but  was  apparently  dealing  with  alloys 
too  high  in  carbon  to  observe  the  facts  disclosed  by  Hadfield's 
later  work.  Subsequent  development  in  this  sphere  yielded  one 
outstanding  feature,  namely  the  application  of  ferromanganese 
(first  produced  commercially  in  1865)  to  the  steels  made  by  the 
Bessemer  and  Siemens  processes,  to  provide  materials  that  would 
bear  hammering  and  rolling ;  this  application  resulted  from  the 
work  of  Robert  Mushet.  Earlier  experimenters  had  made  small 
additions  of  manganese  ore  to  crucible  steel  but  the  relative  im- 
portance of  their  discoveries  is  slight. 

About  1875,  the  Terre  Noire  works  in  France  experimented 
with  increases  in  the  manganese  content  of  structural  steels,  ex- 
hibiting the  results  of  these  experiments  at  the  Paris  exposition 
in  1878.  The  steels  made  contained  from  0.45  to  0.60  per  cent 
carbon  and  0.52  to  2.42  per  cent  manganese.  It  was  stated  that 
the  1.3  per  cent  and  2.0  per  cent  manganese  alloys  cracked  on  oil 
quenching  and  that  the  steel  carrying  2.4  per  cent  of  this  element 
could  not  be  hammered  or  rolled.  Hadfield's  experiments  and 
later  production  of  such  steels  suggest  that  these  failures  were  due 
to  unsuitable  raw  materials  or  manufacturing  processes  or  both. 
rather  than  to  composition  (the  company  reported  0.06  to  0.07 
per  cent  phosphorus  present,  with  sulphur  content  not  mentioned 
though  probably  low).  At  about  the  same  time,  two  German 
producers  experimented  with  manganese  steels  and  as  their  results 
also  appeared  to  confirm  the  detrimental  efifect  of  manganese  above 
2.0  to  3.0  per  cent,  the  Terre  Noire  company  discontinued  its 
labors  in  this  direction.  It  should  be  noted,  however,  that  one 
of  the  German  steel  works  made  alloys  up  to  4.4  per  cent  man- 
ganese with  0.66  per  cent  carbon,  by  additions  of  crucible-melted 
ferromanganese  to  Bessemer  steel  and  the  other,  by  manufacture 
directly  in  the  crucible,  made  steels  up  to  11.4  per  cent  manganese, 


1923  MANGANESE   STEELS  667 

but  with  a  carbon  content  of  2.42  per  cent.  This  unfortunately 
high  carbon,  as  will  be  shown  later,  probably  accounts  for  the  fail- 
ure of  this  particular  set  of  experiments. 

Because  of  these  and  probably  many  unpublished  failures, 
Hadfield's  courage  and  success  and  his  discovery  of  the  toughening 
treatment  for  the  high-manganese  alloys,  justify  the  recognition 
they  have  received.  A  few  tensile  tests  selected  from  the  results 
of  his  early  work^^^  are  given  in  Table  L  These  values  were  ob- 
tained on  1-inch  rolled  or  forged  bars,  turned  to  3/4-inch  diameter 
for  a  gage  length  of  8  inches,  except  as  noted  in  the  table.  Among 


Table  I 
Effect  of  Manganese  and  Carbon  on  the  Tensile  Properties  of  Steel 

Bar  Composition                 Condition  as  Tested              Tensile    Strength          Elongation     in 

No.  C  Mn.                                                                      lbs.  per  sq.  in.             8  in.  per  cent 

1  .20  .83  .\s  Rolled..  75000  31.5* 

2  .40  2.30  As  Rolled,.  126600  6.5* 

3  .40  3.89  .As  Rolled 85100  0.5 

4  .52  6.95  .As  Forged 56900  1.5 

5  .52  6.95  Water  Quenched 52000  1.6 

6  .50  7.90  Oil  Quenched 66700  7.0 

7  .61  9.37  .Mr  Cooled 84400  15.6 

8  .61  9.37  Oil  Quenched 85600  14.8 

9  .61  9.37  Water  Quenched.  .  87100  14.8 

10  .85  10.60  .\ir  Cooled 91500  17.2 

11  .85  10.60  Oil  Quenched.       .  94300  18.8 

12  .85  10.60  Water  Quenched.  .  91600  17.2 

13  .85  12.29  As  Forged 88000  3.5 

14  .85  12.29  Water  Quenched.  .  145000  50.0 

15  1.10  12.60  As  Forged 88000  2.3 

16  1.10  12.60  Water  Quenched.  120600  27.3 

17  .92  12.81  Air  Cooled 108200  19.5 

18  .92  12.81  Oil  Quenched 129000  32.8 

19  .92  12.81  Water  Quenched 136200  36.7 

20  .85  13.75  Water  Quenched 145400  50.7 

21  .85  13.75  Water  Quenched.  Reheated  , 

and  slowly  cooled.      .  102600  6.2 

22  .85  14.01  Air  Cooled 107300  14.1 

23  .85  14.01  Oil  Quenched 123200  26.6 

24  .85  14.01  Water  Quenched 150300  44.4 

25  1.10  14.48  Water  Quenched 142000  37.5 

26  l.SS  14.16  Water  Quenched 100400  14.1 

27  1.24  15.06  Water  Quenched.  .  135600  31.2 

28  1.54  18.40  As  Forged 114700  0.8 

29  1.54  18.40  Water  Quenched.  .  119200  10.1 

30  1.60  19.10  As  Forged 115400  0.8 

31  1.60  19.10  Water  Quenched.  .  131100  4.6 

32  2.10  21.69  As  Forged 80600  8.6 

n  2.10  21.69  Water  Quenched.  .  74600  10.9 

Note: — .\ll  quenching  and  air  cooling  made  from  "while  heat." 

*  Bars  IJ^-inch  diameter  between  10-inch  gage  marks. 


the  facts  disclosed  by  these  tests,  the  following  are  of  particular 
interest  and  the  reasons  for  some  of  them  will  be  briefly  indi- 
cated later : 

(a)     The  increase  in  tensile  strength  and  decrease  in  ductility 

1.  R.  A.  Hadfield — Manganese  in  its  Application  to  Metallurgy  and — Some  Newly 
Discovered  Pmpovlic-;  ••\  !r.>ii  ;inil  Mjinunnc^c,  rnif'filinif.i  of  liwtitiit  inn  of  Civil  F.ngineciS, 
1887-18S8.  i 
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with  small  increases  in  manganese  and  carbon  and  the  subsequent 
decrease  in  both  up  to  0.5  per  cent  carbon  and  7.0  per  cent 
manganese. 

(b)  The  •  increase  in  tensile  strength  and  elongation  of 
quenched  bars,  beginning  at  0.5  per  cent  carbon  and  8.0  per  cent 
manganese  and  reaching  a  maximum  between  12.0  and  K^.O  per 
cent  manganese. 

(c)  The  uniformity  of  tensile  properties  in  the  9.4  and  10.6 
per  cent  manganese  steels  with  various  cooling  rates  after  heating, 
provided  such  rates  are  fairly  rapid  (bars  7,  8,  9  and  10,  11,  12). 

(d)  The  marked  efifect  of  rate  of  cooling  after  heating  on 
the  strength  and  ductility  of  the  12.8  and  14.0  per  cent  manganese 
steels  (bars  17,  18,  19  and  22,  23.  24). 

(e)  The  decrease  in  strength  and  elongation  in  the  toughel 
steels  with  increases  in  carbon  content  (bars  14,  19,  16  and  24, 
26,  25). 

Commercial  Maxgaxese  Steels 

(a)     Lozi'   Manganese    Steels 

Due,  probably  in  part,  to  failures  of  early  Bessemer  rail 
steels  containing  over  1.0  per  cent  manganese  and  to  Hadfield's 
original  statement  that  with  2.5  to  7.5  per  cent,  the  resultant 
steels  were  unfit  for  commercial  application,  but  undoubtedly 
more  directly  due  to  sad  experiences  in  attempting  to  apply  drastic 
quenching  to  eutectoid  steels  having  slightly  more  than  normal 
amounts  of  this  element,  there  has  grown  upon  most  practical 
men  a  distrust  of  all  steels  containing  1  per  cent  or  more.  Be- 
cause water  quenching  will  often  crack  eutectoid  steels  of  such 
composition  is  not  sufficient  cause  for  maintaining  that  steels  of  1.0 
to  2.0  per  cent  manganese  are  brittle ;  the  possibility  of  the  heat- 
treatment  given  not  being  suited  to  the  steel,  structural  inequalities 
due  to  previous  mechanical  and  thermal  treatment  and  defects  trace- 
able to  steel-making  processes  must  also  be  considered.  The  suit- 
ability of  the  heat  treatment  is  of  particular  importance  and  is 
equally  applicable  to  the  present  case  as  to  other  tender  alloy  steels. 
In  fact  1.0  to  2.0  per  cent  manganese,  while  increasing  the  strength 
and  hardness  of  the  carbon  steels,  and  in  some  cases  rendering 
them  sensitive  in  heat  treatment  does  not  impart  brittleness  and 
should  not  limit  their  commercial  use. 
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In  the  realm  of  very  soft  steels,  the  work  of  Lang^^)  is  of 
considerable  interest  and  some  of  his  mechanical  tests  are  listed  in 
Table  II.  Although  the  author  did  not  describe  his  manipulations 
in  detail  and  used  steels  of  varying  phosphorus  content  (0.04  to 
0.11  per  cent)  and  clearly  indicated  the  absence  of  pyrometric  con- 
trol in  his  heat  treatments,  the  results,  nevertheless,  have  much 
value.  In  the  rolled  or  annealed  bars  there  is  a  marked  increase  in 
proportional  limit  and  tensile  strength  without  appreciable  loss  in 
ductility  or  notch«d-bar  impact  resistance  up  to  1.77  per  cent 
manganese.     After   quenching,   the   same   is   true   up   to    1.27  per 


Table 

II 

Mechanical  Properties  of  Low  Carbon  Manganese  Steels 

Reduc- 

Prop. 

Tensile 

Elonga- 

tion 

Impact 

St  el 

Comp 

osition 

Limit 

Strength 

tion 

of  Area 

ft.  lbs. 

series 

No. 

C 

Mn 

lbs.  sq.  in. 

lbs.  sq.  in. 

%  in  8".? 

% 

Brinell 

sq.  in. 

A— 

1 

.11 

.29 

46000 

62600 

27.9 

53.5 

11 

1100 

/  8  Rolled 

4 

.10 

.79 

49200 

64500 

27.9 

65.9 

119 

1580 

6 

.10 

1.27 

54300 

71300 

27.9 

68.1 

132 

1250 

8 

.10 

1.77 

57900 

82500 

25,9 

54.7 

156 

1190 

11 

.09 

2.47 

63400 

103000 

18.8 

39.4 

211 

130 

E— 

1 

.11 

.29 

43200 

56900 

31.5 

70.0 

113 

1460 

Annealed 

4 

.10 

.79 

45100 

59700 

30.3 

70.1 

118 

1520 

6 

.10 

1.27 

46600 

65000 

30.2 

72.6 

132 

2050 

8 

.10 

1.77 

48300 

73900 

27.4 

72.3 

159 

1970 

11 

.0'; 

2.47 

52300 

108200 

15.4 

53.1 

218 

660 

c— 

1 

.11 

.29 

42900 

78700 

19.6 

61.0 

147 

1120 

Cuenched 

4 

.10 

.79 

49600 

85000 

14.1 

56.1 

157 

1420 

6 

.10 

1.27 

61600 

107-00 

15.2 

48.2 

230 

870 

8 

.10 

1.77 

86000 

155000 

9.0 

44.6 

273 

700  i 

11 

.09 

2.47 

92200 

166600 

3.1 

18.9 

550 

cent  and  would  probably  hold  good  up  to  a  higher  percentage,  were 
slight  drawing- resorted  to.  Also  the  relative  increase  in  strength 
due  to  quenching  is  very  much  greater  with  the  higher  manganese 
proportions. 

Thus,  to  some  extent,  manganese  can  replace  carbon  in  in- 
creasing the  strength  of  plain  steels  and  this  principle  has  found 
frequent  application ;  there  is  usually  an  appreciable  increase  in 
ductility.  In  general,  it  would  aptpear  desirable  in  soft  steels  to 
obtain  the  increased  strength  in  untreated  parts  by  an  increase  in 
carbon,  but  to  use  manganese  where  the  steels  were  to  be  applied 
in  the  heat-treated  state. 

These  1.0  to  2.0  per  cent  manganese  steels  of  low  carbon  con- 
tent are  not,  however,  suitable  where  good  magnetic  or  electrical 

2.     G.    Lang — Uber    den   Einfluss   des    Mangans   auf    die    Eigenschaften    des    Plusseiscns — 
MetaUuryie,    1911. 
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properties  are  desired.  Langs  steels,  with  the  2.2  per  cent  man- 
ganese increase,  showed  a  gradual  rise  in  electrical  resistance  total- 
ing over  60  per  tent  (independent  of  heat  treatment),  and  an  in- 
crease in  both  coercive  force  and  hysteresis,  which  in  the  quenched 
series  amounted  to  330  and  140  per  cent  respectively ;  simultane- 
ously the  permeability  was  appreciably  lowered. 

Several  years  ago,  Abbott^^^  published  the  results  of  some  ex- 
periments with  a  structural  steel  containing  a  relatively  high  pro- 
portion of  manganese;  some  of  his  results,  grouped  in  Table  III, 
are  worthy  of   close  study.     In  the  annealed  condition  the  man- 


c 

Carbon 34 

Nickel 34 

Manganese .34 

Elastic 
Limit 

Carbon 36600 

Nickel   55000 

Manganese 61150 

Carbon 72000 

.\ickei 147000 

Manganese 153000 

Carbon 64000 

Nickel 115000 

Manganese 118000 

Carbon 59000 

Nickel 88000 

Manganese 91000 


Table  III 

roper  ties  of  Carbon, 

Nickel  and  Manganese  Steels 

Chemical  Anahsis 

Si                s 

P 

Mn 

Ni               Cu 

030              .029 

.014 

.54 

188              .019 

.019 

.33 

3.17              .05 

()09              .025 

.047 

1.61 

.02 

Tensile  Properties 

Tensile       Elongation    Reduction 

Heat 

Strength            in  2" 

Area 

Brinell 

Treatment 

67250             32.0 

51.(1 

120 

.■\nnealcd 

81850             31.2 

59.0 

153 

87850             29.9 

58.5 

150 

110000             18.0 

50.0 

192 

Water 

152000             17.5 

60.0 

243 

Quenched 

158000             15.5 

44.5 

250 

Drawn     800'F 

93000             23.5 

60.5 

163 

Water 

120000             22.0 

65.0 

207 

Quenched 

126000             18.0 

50.5 

214 

Drawn     lOOO'F 

78000             29.0 

68.0 

152 

Water 

95000             28.5 

68.5 

158 

Quenched 

96000             23.0 

58.5 

172 

Drawn  1200'F 

ganese  steel  is  far  superior  to  the  carbon  steel  and  possesses 
an  elastic  limit  and  a  tensile  strength  somewhat  greater  than  those 
of  the  nickel  steel,  along  with  equal  hardness  and  very  slightly  lower 
ductility.  After  water  quenching  and  drawing  (holding  30  min- 
utes) the  manganese  steel  still  possesses  for  the  same  drawing 
temperature,  an  advantage  over  the  nickel  steel  in  elastic  limit  and 
tensile  strength,  although  the  ductility  of  the  former  material  is 
somewhat  lower.  Tests  of  oil-quenched  bars  as  well  as  data  on 
notched-bar  toughness  and  resistance  offered  to  alternating  stresses 
would  have  greatly  increased  the  interest  that  attaches  to  these 
figures.  There  has  been  some  commercial  use  of  small  forgings 
of  this  composition  and  of  plates  with  somewhat  lower  carbon  con- 

3.  R.  R.  .\bbott — .V  Comparison  of  the  Properties  of  a  Nickel,  Carbon  and  Man- 
ganese Steel  Before  and  .\fter  Heat  Treatment.  Tmiixaetinnx,  .\merican  Society  of  Mechan- 
ical   Engineers,    1915. 
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tent  but  not  to  the  extent  which  the  author  considers  economically 
desirable  from  a  consideration  of  these  and  other  tests.  To  men- 
tion specific  uses,  steels  of  0.25  to  0.35  per  cent  carbon  and  1.10 
to  1.40  per  cent  manganese  have  at  times  been  used  to  replace  0.35 
to  0.45  per  cent  carbon  steels  with  normal  manganese,  in  drop 
forgings  for  automotive  and  similar  service.  Sheets  of  the  same 
or  higher  manganese,  but  lower  carbon  content  have  been  used  for 
"motor  car  and  also  railway  construction  but  this  particular  applica- 
tion has  been  almost  entirely  confined  to  European  countries. 

A  0.50  per  cent  carbon  steel  containing  over  1.20  per  cent 
manganese  has  been  reported  '**  as  having  been  satisfactorily  em- 
ployed for  small  arms  rifle  barrels  and  is  still  in  use.  It  may  be  of 
value  to  call  attention  to  Bellis'  findings  in  comparing  this  steel  with 
one  of  similar  carbon  content  but  with  normal  manganese  (0.65  per 
cent).  It  appears  that,  in  heat-treated  parts  of  small  cross  section, 
increasing  the  time  at  the  drawing  temperature,  caused  in  both 
steels  a  25  per  cent  increase  in  ductility,  but  accompanying  it  a 
4  to  5  per  cent  drop  in  proportional  limit  and  tensile  strength  for 
the  normal  steel,  with  but  1/2  per  cent  decrease  in  these  values 
for  the  high-manganese  steel ;  the  latter  value  is,  of  course,  less 
than  the  difference  usually  found  in  duplicate  heat-treated  bars.  In 
the  light  of  these  tests,  heat^treatment  modification  in  the  case  of 
Abbott's  steels  might  have  been  even  more  favorable  to  the  high- 
manganese  alloy.  Steel  of  the  same  composition  as  used  in  these 
rifle  barrels  has  found  successful  application  for  a  number  of  years 
in  cylinders  for  the  transportation  of  various  gases  under  high 
pressure. 

In  the  direction  of  somewhat  higher  carbon  contents,  an 
outstanding  example  of  the  use  of  manganese  above  1  per  cent  is  in 
spring  steels  of  about  0.60  per  cent  carbon  and  1.15  per  cent  man- 
ganese. It  has  been  contended  by  manufacturers  and  others  that 
this  material  is  not  amenable  to  hardening  by  the  user,  and  there- 
fore, its  major  application  has  been  as  "tempered"  wire  in  small 
diameters  for  springs  for  automobile  and  also  general  household 
upholstery.  In  spite  of  such  contentions,  the  United  States  Navy 
has  for  a  number  of  years  used  this  steel  up  to  3/4-inch  diameter 
for  helical  springs  to  carry  maximum  stresses  intermediate  between 
those  for  which  carbon  steel  and  those  for  which  the  more  ex- 


4.     A.    K.    Bellis — Time   Kffoot   in   Tempering   Steel,    Transactions,    American   TnsHhite   of 

Minintr    Kngineers.     1018. 
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pensive  and  stronger  alloy  steels  are  used.  This  material  has 
been  made  by  either  the  acid  or  basic  open-hearth  process  to  a 
i  composition  of  carbon — 0.55  to  0.65  per  cent  and  manganese — 1.00 
■■to' 1.25  per  cent.  After  oil  quenching  and  drawing  these  springs 
have  successfully  withstood  all  service  stresses  for  which  they  were 
designed  as  well  as  those  rigorous  inspection  tests  applied  to  gun 
recoil  springs,  such  as  clamping  solid  for  periods  up  to  48  hours 
and  repeated  rapid  compression  from  free  length  to  almost  solid 
length  100  or  more  times ;  in  the  latter  test  a  steam  hammer  has 
been  used  for  load  application. 

In  the  eutectoid  range,  steels  of  0.80  to  0.95  per  cent  carbon 
with  manganese  1.00  to  1.75  per  cent  and  with  or  without  small 
additions  of  vanadium  or  tungsten  and  chromium  have  been  un- 
usually successful  for  intricate  dies  and  other  cutting  tools  and 
also  gages  where  a  combination  of  hardness  and  freedom  from 
appreciable  dimensional  changes  in  heat  treatment  is  necessary. 
Given  correct  forging  and  avoidance  of  careless  heat  application 
in  treatment,  there  is  no  danger  of  cracking  in  oil-hardening  these 
steels  and,  though  not  generally  recommended,  water-quenching  is 
frequently  successfully  practiced. 

Some  years  ago  the  author  found  that  a  steel  of  0.80  per  cent 
carbon  and  2.00  per  cent  manganese  was  particularly  suitable  for 
use  as  shear  blades  in  cold  cutting  of  steel  bars,  having  a  greater 
service  life  under  similar  conditions  than  any  carbon  steel  tried 
or  chrome-vanadium  steel  of  equal  carbon  content.  No  difficulty 
was  experienced  in  hardening  blades  of  this  material  even  in  masses 
weighing  500  pounds. 

Apart  from  these  forged  or  rolled  materials,  there  has  been 
frequent  mention  in  the  literature  of  steel  castings  containing  man- 
ganese in  excess  of  1.0  per  cent.  Prominent  among  these  is  the 
report  of  Hall,  Nissen  and  Taylor*^^)  giving  a  summary  of  tests 
taken  from  several  years'  production  of  castings  of  this  composi- 
tion. Most  of  the  steel  castings  to  which  these  authors  refer  were 
water  quenched  and  then  drawn  at  temperatures  of  1150  degrees 
Fahr.,  or  higher.  Comparisons  of  steels  of  about  0.22  per  cent 
carbon  and  1.0  to  1.5  per  cent  manganese  with  0.50  per  cent 
carbon  steels  containing  about  0.65  per  cent  manganese  show  for 

5.  J.  H.  Hall,  A.  E.  Nissen  and  K.  Taylor — Heat  Treatment  of  Cast  Steel,  Trans- 
actions. Arrrerican  Institute  of  Mining  and  Metallurgical  Engineers,  Vol  LXII  (1920), 
page   353. 
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equal  tensile  strength  (80,000  to  85,000  pounds  per  square  inch) 
an  approximate  increase  of  15  per  cent  in  elastic  limit,  2i  per  cent 
in  elongation  and  over  100  per  cent  in  reduction  of  area ;  impact 
resistance  by  the  Fremont  method,  although  varying  widely  ac- 
cording to  the  manganese  content,  was  two  to  four  times  as  great. 
Some  remarkable  results  were  also  given  for  a  cast  Bessemer 
steel  containing  0.36  per  cent  carbon  and  2.42  per  cent  manganese ; 
with  25  per  cent  additional  tensile  strength  the  shock  resistance 
equalled  that  of  the  0.50  per  cent  carbon  steel  to  which  reference 
has  just  been  made. 

(&)     High  Manganese  Steels 

Ternary  steels  containing  from  3.0  to  7.0  per  cent  of  man- 
ganese have  found  no  commercial  application  and  with  the  higher 
proportions  are  not  likely  to  be  widely  used  as  long  as  present 
manufacturing  limitations,  which  enforce  a  minimum  carbon  con- 
tent for  any  desired  manganese  percentage,  must  continue.  Be- 
ginning, however,  with  8.0  per  cent  and  from  this  up  to  16.0  per 
cent  of  manganese,  steels  have  been  prepared  and  very  extensively 
used,  both  as  castings  and  forgings,  which  possess  a  number  of 
peculiar  and  interesting  properties.  These  are  the  steels  which  were 
developed  by  Hadfield's  researches  and  have  since  been  known  under 
the  single  term  "Hadfield's  manganese  steel"'  or  more  commonly 
"manganese  steel."  Although  the  variation  of  manganese  over 
this  broad  range  along  with  the  necessary  (and  sometimes  un- 
desirable) carbon  variations,  produce  alloys  of  somewhat  dififereiit 
properties,  these  effects  will  be  discussed  later,  leaving  for  im- 
mediate attention  only  those  generally  characteristic  of  the  entirje 
group. 

Many  of  the  peculiar  properties  of  these  alloys  are  explained 
by  two  metallographic  features,  namely  (a)  their  100  per  cent 
austenitic  constitution  when  properly  heated  and  quenched  aii.d(b^ 
the  precipitation  of  dark-etching  acicular  constituents  under  certain 
conditions  of  composition  and  thermal  treatment.  To  the  first 
condition  is  due  the  absence  of  magnetism,  the  moderate,  hardness, 
the  high  tensile  strength,  the  high  ductility  and  the -:lo%v  elastic, 
'ratio.  These  properties  "manganese  steel"  possesses  in  coriimon  with 
the  austenitic  nickel  steels  and  most  other  single-phase  sglid-solution 
alloys.     Under  the   influence   of   cold   work,   however,   it  hardens 
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more  readily  than  any  of  these  alloys  and  it  is  this  peculiarity 
which  has  caused  its  application  wherever  extreme  resistance  to 
wear  was  a  prime  requisite  and  slight  surface  flow  with  the  accom- 
panying dimensional  change  prior  to  obtaining  effective  wear 
resistance,  was  not  a  drawback.  This  same  property  has,  however, 
limited  its  use  inasmuch  as  the  hard  surface  produced  by  abrasion 


Table  IV 
Quenching  Tests  of  High  Manganese  Steel 

Carbon  Content  1.10-1.15  per  cent 
Manganese  Content  11.00-11.50  per  cent 


'"g"  diameter.     Bars  t 

leated  to  1700°F.  cooled  a 

t  the  rat 

eof   100°Fper  1 

hour,  and  quenched  in  water 

from  the  tern 

perature 

;  indicated 

Test 

Temperature 

Elongation 

Breaking  Stress 

No. 

Degrees  Fahr. 

Per  Cent 

lbs.  sq.  in. 

1 

1700 

51.6 

153800 

2 

1650 

56.7 

156700 

;; 

1600 

61.2 

153950 

4 

1550 

64.2 

153200 

5 

1500 

44.8 

137200 

6 

1450 

31.0 

120450 

7 

1400 

15.1 

93370 

8 

1350 

15.7 

88750 

V 

1300 

10.5 

84120 

10 

1250 

7.8 

78060 

11 

1200 

4.6 

73950 

12 

1150 

4.5 

76940 

13 

1100 

4.5 

78040 

14 

1050 

3.1 

71220 

15 

1000 

2.7 

71625 

16 

950 

1.5 

68070       ' 

17 

900 

1.4 

74440 

18 

850 

1.5 

80000 

19 

800 

1.2 

75290 

20 

750 

0.5 

69570 

21 

700 

0.8 

72500 

develops  also  in  most  machining  operations  so  that  although  it  can 
be  cut(^)  such  procedure  is  decidedly  uneconomical.  It  was  the 
ease  of  indentation  (the  Brinell  hardness  averages  about  200)  com- 
bined with  the  development  of  this  surface  condition  that  led  Had- 
field  to  describe  the  steel  as  possessing  a  "peculiar  hardness" 
combined  with  "a  special  kind  of  softness."  This  extreme  duc- 
tility and  softness  is  such  that,  unlike  the  behavior  of  most  steels, 
cracks  once  started  in  austenitic  manganese  steel  of  about  12.0 
per  cent  manganese  are  propagated  only  with  great  difficulty,  even 
under  impact. 

The  second  structural  condition  noted  above  is  responsible  for 
the  extreme  brittleness  of  these  alloys  when  cooled  slowly  from 
a  high  temperature  and  the  brittleness  induced  by  heating  to  rela- 
tively low  temperatures  as  well  as  the  difficulty  of  obtaining  a  ductile 

6.  Machining  is  rendered  somewhat  easier  by  the  use  of  liquid  mixtures  or  solutions 
l>ossessing  great  cooling  aibility  a^  "ell  as  lubricating  qualities  or  by  certain  heat  treats 
merits,   the   effects   of    which    must    Ik    renioved    after    machining    is    completed. 
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metal  of  small  grain  size  with  certain  chemical  compositions.  The 
temperatures  at  which  the  sharp  changes  in  tensile  properties  occur 
and  the  values  that  may  be  expected  from  rolled  high-manganese 
steel  have  been  clearly  shown  by  Potter/^)  some  of  whose  results 
are  reproduced  in  Tables  IV  and  V.  In  the  series  of  bars  quenched 
from  successively  lower  temperatures  the  lowering  of  the  tensile 


Table  V 
Quenching  Tests  of  High  Manganese  Steel 

Carbon  Conlenl  1.10-1.15  percent 
Manganese  Content  11.00-11.50  per  cent 
diameter  bars  heated  for  sixty  minutes  at  the  temperature  indicated  and  quenched  in  water 


Test 

Temperature 

No. 

Degrees  Fahr. 

1 

500 

7 

500 

q  • 

600 

6 

600 

7 

650 

8 

650 

9 

700 

10 

700 

41 

1500 

42 

1500 

43 

1550 

44 

ISSO 

45 

1600 

46 

1600 

47 

1650 

48 

1650 

49 

1700 

SO 

1700 

S3 

1800 

54 

1800 

55 

1900 

56 

1900 

59 

2100 

60 

2100 

61 

2200 

62 

2200 

F.longation 

Breaking  Stress 

Per  Cent 

lbs.  sq.  in. 

57.6 

166500 

53.0 

169300 

63.5 

176000 

55.0 

163100 

15.6 

128000 

21.7 

137700 

3.6 

138200 

1.6 

116300 

23.5 

139000 

26.7 

142600 

57.4 

155500 

52.8 

154300 

42.4 

162900 

42.5 

161200 

65.0 

147800 

63.8 

145900 

62.1 

143200 

58.9 

139400 

56.5 

133400 

53,2 

132100 

44.1 

123700 

42.0 

121200 

35.7 

93200 

40.9 

99200 

17.3 

80600 

21.7 

79200 

values  takes  place  shortly  after  passing  1550  degrees  Fahr.  In 
the  series  quenched  from  successively  higher  temperatures,  maxi- 
mum strength  and  ductility  are  obtained  at  this  same  temperature. 
This  temperature  would  regulate  the  conditions  of  rolling,  if  the 
resultant  product  were  finished  by  quenching  after  the  last  pass. 
In  Table  V,  the  decrease  in  tensile  values  on  reheating  above  600 
degrees  Fahr.  would  indicate  this  as  a  maximum  temperature  for 
such  operations  as  shrinking  of  forgings  or  castings  on  shafts, 
bushings,  etc.  The  progressive  decrease  in  strength  above  1600 
degrees  Fahr.  and  in  ductility  above  1700  degrees  Fahr.  also  indi- 
cate the  undesirability  of  heating  to  too  high  a  temperature  for 
quenching;  nevertheless,  temperatures  considerably  above  these  have 
been  advocated  by   some  manufacturers.      Furthermore,   not   only 

7.  W.  S.  Potter — Manganese  Steel  with  Especial  Reference  to  the  Relation  o( 
Physical  Properties  to  Microstructure  and  Critical  Ranges.  Trnnsaction*.  .Xmerican  Insti- 
tute   of    Mining    Engineers,     1914. 
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quenching  from  a  high  temperature  but  also  quenching  from  the 
proper  temperature  after  coohng  from  the  high  temperature,  results 
in  poor  tensile  properties.  Potter^^^  found  that  cooling  3/4-inch 
diameter  bars  from  2100  degrees  Fahr.  at  100  degrees  Fahr.  per 
hour  to  various  temperatures,  followed  by  water  quenching,  yielded 
low  strength  and  ductility  at  any  quenching  temperature,  the  values 
at  1600  degrees  Fahr.  being  79,510  pounds  per  square  inch  tensile 
strength  and  25.4  per  cent  elongation.  Similar  behavior  has  been 
found  in  most  other  steels. 

The  combination  of  high  tensile  strength  and  high  elonga- 
tion in  those  steels  of  Tables  IV  and  V  that  are  in  their  best 
structural  condition,  is  most  unusual.  In  the  use  of  certain  so- 
called  "merit-values"  which  involve  the  product  of  the  tensile 
strength  and  elongation  in  fixing  the  order  of  superiority  of  struc- 
tural metals,  the  author  knows  of  no  material  that  would  excel 
"manganese  steel."  These  values  are  not  unusual  for  bar  stock  of 
relatively  small  size,  and  test  bars  taken  from  the  head  of  heavy 
rails,  which  frequently  are  not  quenched  from  the  optimum  tem- 
perature, commonly  give  values  of  125,000  pounds  per  square 
inch  tensile  strength  with  30  per  cent  elongation  in  two  inches  al- 
though ordered  to  a  specification  of  100,000  pounds  per  square 
inch  and  20  per  cent   elongation. 

As  previously  noted  there  are  many  points  of  similarity  in 
the  characteristics  of  the  austenitic  manganese  and  the  austenitic 
nickel  steels.  But  there  are  many  differences,  among  which  may 
be  briefly  mentioned  the  fact  that  the  nickel  steels  possess  marked 
resistance  to  many  corroding  influences  whereas  the  resistance  of 
the  high  manganese  alloys  is  only  slightly  greater  than  tliat  of 
carbon  steel.  The  more  interesting  contrasts  are  in  the  hardness 
and  magnetic  properties  as  affected  by  various  degrees  of  cold- 
working  and  by  temperature  changes.  The  surface  hardening  of 
"manganese  steel"  by  abrasion  has  already  been  mentioned.  In 
the  progress  of  a  tensile  test,  severe  cold-working  occurs,  and  in 
the  case  of  "manganese  steel,"  a  Brinell  hardness  increase  from 
223  to  540  at  the  point  of  rupture,  has  been  recorded.  ^^^  The 
same   authors   observed   for   high-nickel   steel   a   maximum   change 


8.  Loc.    Cit. 

9.  R.  A.  Hadfield  and  B.  Hopkinson — the  Magnetic  and  Mechanical  Properties  of 
Manganese  Steel,  Journal  of  the  Iron  and  Steel  Institute,  1914,  and  Researches  with 
Regard  to  the  Xon-Magnetic  and  Magnetic  Conditions  of  Manganese  Steel,  Transactions, 
American    Institute    of    Mining    Engineers,    1914. 
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of  from  180  to  340.  Accompanying  this  hardness  was  the  develop- 
ment of  a  distinct  magnetic  condition  in  the  nickel  steel,  although 
the  hardened  manganese  steel  showed  only  a  mere  trace  of  mag- 
netism. 

On  heating  at  certain  moderate  temperatures  "manganese  steel" 
shows,  with  increasing  time  and  temperature,  an  increase  in  hard- 
ness and  also  the  presence  of  considerable  magnetism.  These 
changes,  however,  do  not  parallel  one  another.  According  to  Had- 
field  and  Hopkinson^^*^)  high  hardness  (above  350  Brinell)  becomes 
evident  after  several  hours  exposure  at  750  degrees  Fahr.,  whereas 
moderate  magnetism  is  not  obtained  until  similar  exposures  at  930 
degrees  Fahr.  are  used.  A  maximum  hardness  of  495  was  obtained 
after  48  hours  at  1020  degrees  Fahr.  and  maximum  magnetism  after 
600  hours  at  930  degrees  Fahr.  Along  with  the  magnetic  effects 
is  found  a  decided  decrease  in  the  difficulty  of  machining.  It  is  also 
noteworthy  that  the  magnetic  qualities  obtained  in  the  above  man- 
ner, practically  disappear  after  one  hour  of  heating  at  1380  de- 
grees Fahr.  Such  changes  did  not  occur  in  high-nickel  steels  with 
heating  periods  up  to  96  hours  between  570  and  1290  degrees 
Fahr.  Long  exposure  to  liquid  air  temperature  produced  no  appre- 
ciable hardness  change  and  no  magnetic  effects  in  the  manganese 
steel,  whereas  such  temperature  caused  in  the  nickel  steel,  a  very 
decided  increase  in  the  specific  magnetism  with  a  definite,  though 
small  increase  in  hardness  (180  to  250,  of  which  about  25  may 
have  been  due  to  the  change  of  temperature  alone,  exclusive  of 
structural  changes). 

In  the  manufacture  of  "manganese  steel"  it  has  been  observed 
that  the  metal,  as  poured,  is  very  fluid,  (its  melting  range  is  about 
2300  to  2450  degrees  Fahr.)  being  more  like  cast  iron  than  steel, 
and  that  it  sets  quickly,  but  with  considerable  liquid-to-solid  con- 
traction. In  fact,  the  high  losses  due  to  piping  of  this  metal  were 
a  strong  factor  in  the  development  of  the  modern  inverted,  hot-top 
ingot  mold.  Another  important  property,  from  the  producer's  view- 
point, is  the  low  thermal  conductivity.  This  has  enforced  unusual 
care  in  maintaining  soaking  pit  temperatures,  at  time  of  charging, 
close  to  that  of  the  incoming  ingot  and  also  in  insuring  thorough 
soaking  at  the  rolling  temperature  (2100  to  2150  degrees  Fahr.) 
to  avoid  serious  loss  through  ingots  breaking  in  the  blooming  mill. 

10.     Loc.    Cit. 
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Further,  it  has  Umited  the  thickness  of  the  walls  of  castings  to 
about  6  inches  due  to  the  difficulty  of  obtaining  a  satisfactory 
quenching  eilFect  in  thicker   sections. 

It  should  be  mentioned  that  these  high  manganese  steels  have 
a  low  electrical  conductivity  as  well  as  a  low  thermal  conductivity. 
Completely  austenitic  alloys  of  1.0  per  cent  carbon  and  12.0  to 
14.0  per  cent  manganese  offer  a  resistance  to  the  flow  of  an  electric 
current  approximately  30  times  as  great  as  that  of  copper.  On  this 
account  these  alloys,  soon  after  their  discovery,  were  used  in  the 
form  of  resistance  wire  but  the  high  temperature  coefficient  of 
electrical  resistance  combined  with  drawing  difficulties  due  to  rapid 
wearing  of  dies,  prevented  widespread  use  for  this  purpose. 

MiCROSTRUCTURE    AND    MeCTIANIC.\L    PROPERTIES 

To  illustrate  the  structural  characteristics  of  a  series  of  steels 
with  increasing  carbon  and  manganese  contents  and  demonstrate 
the  relationship  of  microstructiire  to  mechanical  properties  a  series 
of  small  ingots  were  prepared  and  subjected  to  a  number  of  tests. 
The  steels  for  these  ingots  were  melted  in  an  Ajax-Northrup  high- 


Table 

VI 

Chemical  Analysis  of  Manga 

nese  Steel  Ingots 

Ingot 

Cl> 

eniical  Composition 

No. 

C 

Si 

S 

P 

Mil 

469 

.03 

.11 

.027 

.003 

5.88 

470 

.04 

.16 

.027 

.007 

8.61 

630 

05 

.38 

034 

.009 

16.35 

444 

.45 

.05 

035 

.015 

3.58 

443 

.48 

08 

.039 

.025 

8.72 

442 

46 

.10 

.041 

.018 

14.39 

449 

.78 

.16 

.022 

.019 

1.86 

448 

.78 

18 

.032 

.017 

4.40 

446 

.81 

.22 

.024 

.013 

8.87 

450 

.94 

14 

.030 

.015 

12.68 

445 

1.20 

.31 

.020 

.028 

4.62 

447 

1.27 

.19 

.020 

.016 

8.68 

632 

1.22 

.30 

.029 

.017 

12.40 

631 

1.85 

.18 

.042 

.013 

4.26 

frequency  furnace,  the  charge  being  made  up  of  Armco  iron, 
crucible-melted  carbon  tool  steel,  carbon-free  manganese,  high- 
grade  80  per  cent  ferromanganese  and  washed  metal  in  the  pro- 
portions necessary  to  produce  ingots  of  the  desired  composition. 
The  raw  materials  were  melted  in  an  open  crucible  and  as  soon  as 
completely  molten  and  thoroughly  agitated  by  the  action  of  the 
induced  current,  were  poured  into  cast-iron  molds.  The  resulting 
ingots,  approximately  11/4  inches  square  and  7  inches  long  were 
cut  transversely  into  two  equal  lengths;  this  was  just  sufficient 
to  avoid  the  pipe  in  the  lower  portion,  in  those  ingots  having  the 
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greatest  pipe  depth.  A  slice  1/2  inch  thick  was  taken  from  the 
lower  end  of  the  upper  half  and  samples  cut  from  it  for  the  study 
of  the  microstructure  in  the  cast  state.  The  lower  half  was  forged 
to  a  3/4-inch  octagonal  bar  and  short  lengths  from  this  used  for 
microscopic  examination  after  which  the  remainder  was  forged 
to  1/2-inch  diameter  and  cut  into  tensile  test  specimens. 

Heat  treatments  were  all  performed  in  an  electrically  heated 
mufifle  furnace,  both  microscopic  specimens  and  tensile  bars  being 
maintained  at  the  annealing  or  quenching  temperature  for  15  min- 
utes, and  at  the  drawing  temperature  for  30  minutes.  Microscopic 
examination  of  the  cast  metal  was  on  surfaces  transverse  to  the 


Table 

VIII 

Brinell  Hardness  of  Manganese  Steels 

Ingot 

No. 

Com] 

c. 

josition 
Mn. 

Cast 

led  Quen( 

p 

orged  

ed  Quenchi 

\s   Cast 

Annea' 

ched  0.  & 

As 

Anneal 

;d  Q.  & 

Drawn 

Forged 

Dmwn 

469 

.03 

5.88 

277 

207 

302 

196 

269 

248 

286 

207 

470 

.04 

8.61 

293 

321 

311 

255 

286 

302 

302 

241 

630 

.05 

16.35 

196 

196 

207 

217 

241 

196 

16 

217 

444 

.45 

3.58 

286 

228 

460 

311 

512 

228 

512 

293 

443 

.48 

8.72 

332 

340 

321 

375 

302 

3  0 

321 

3  4 

442 

.46 

14.39 

217 

196 

207 

217 

255 

212 

223 

21? 

449 

.78 

1.86 

302 

241 

555 

311 

286 

241 

652 

31 

448 

.78 

4.40 

302 

269 

460 

340 

302 

255 

477 

34) 

446 

.81 

8.87 

163 

418 

187 

444 

387 

387 

196 

477 

450 

.94 

12.68 

166 

269 

187 

217 

217 

321 

187 

202 

445 

1.20 

4.62 

351 

269 

187 

364 

444 

269 

187 

364 

447 

1.27 

8.68 

212 

444 

217 

477 

241 

418 

226 

477 

632 

1.22 

12.40 

255 

364 

255 

361 

269 

364 

241 

340 

631 

1.85 

4.26 

444 

364 

286 

387 

512 

340 

255 

387 

axis  of  the  ingot  and  of  the  forged  bars  on  surfaces  parallel  to  the 
direction  of  forging.  After  photographing,  these  same  surfaces 
were  used  in  making  the  Brinell  hardness  determinations,  all  such 
tests  being  obtained  with  the  3000-kilogram  load.  The  Brinell 
values  are  given  in  Table  VIII.  The  tensile  bars,  1/2-inch  diam- 
eter, when  heat-treated,  were  ground  to  0.30  inch  in  the  2.20-inch 
pulling  section ;  the  1/2-inch  threaded  ends  were  turned  or  ground. 
The  proportional  limit  was  determined  by  extensometer  on  a  2-iiich 
gage  length,  but  in  computing  elongations,  a  gage  length  equal  to 
four  times  the  diameter  was  used;  such  lengths  had  been  marked 
prior  to  testing  at  several  locations  along  the  pulling  section.  The 
results  of  these  tensile  tests  are  given  in  Table  VII. 

The  constitutional  diagram  of  the  carbon-manganese  steels, 
as  determined  by  Guillet,*^^^)  for  forged  and  air-cooled  samples 
is  shown  in  Fig.  I.     It  will  be  observed  that  for  very  low  carbon 

11.     L.    Guillet — Etude    Industrielle    des    Alliages    Metalliques,    Paris,    1906. 
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contents,  the  steels  are  pearlitic  up  to  5.0  per  cent  manganese, 
and  the  same  in  the  case  of  1.0  per  cent  carbon  and  up  to  2.0  per 
cent  manganese;  also  that  with  very  low  carbon,  13.0  per  cent  of 
manganese  or  with  1.0  per  cent  carbon,  about  6.0  per  cent  of 
manganese  renders  the  alloy  austenitic;  further,  that  above  1.0  per 
cent  carbon,  steels  of  the  intermediate  range  contain  no  martensite. 
The  first  alloy  of  the  series,  ingot  469,  is  in  Guillet's  transition 
zone ;  the  structures  produced  by  various  heat  treatments  are  shown 


0.J  1.0 

Per  Cent   Carbon 


Fig.    1 — Structure  of  Forged  and  air-cooled  Manganese   Steels. 

in  Fig.  2.  The  untreated  and  quenched  specimens  are  decidedly 
martensitic  in  structure;  after  drawing,  this  acicular  structure  is 
still  present,  though  less  prominent,  (some  small  areas  in  Fig.  2(h) 
resemble  troostite)  while  after  annealing  the  appearance  of  the 
etched  samples  is  similar  to  that  of  a  fine-grained  iron.  Unfortu- 
nately this  one  ingot  had  a  very  poor  surface,  the  defects  being 
deeper  than  first  appreciated;  this  has  detracted  from  the  value  of 
the  tensile  tests,  both  of  the  bars  showing  longitudinal  cracks  at 
the  fracture;  rupture  was  premature  in  each  case.  On  a  steel  of 
similar  composition,   Arnold   and   Knowles,^^^)    reported   a   tensile 

12.     Engineering,  Vol.   92,  page  478. 
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Fig.  2 — 'Carbon,  0.03  per  cent;  manganese,  5.88  per  cent.  All  magnifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1700  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1750  degrees  Fabr. 
(IS  min.)  water  quenched;  (d)  and  (h)  1750  degrees  Fahr.  (15  min.)  water  cooled, 
1100    degrees    Fahr.    (30    min.)    cooled    in    air. 
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strength  of  147,000  pounds  per  square  inch  with  an  elongation  of 
28.5  per  cent  after  a  very  slow  anneal  (three-day  cooling  period)  ; 
they  also  found  that  the  resistance  to  alternating  stress  was  good  in 
the  annealed  state  but  very  poor  after  quenching.  In  the  present 
instance  it  is  believed  that  sound  bars  would  have  shown  com- 
parable values,  but  it  is  also  probable  that  alternating  stress  tests 
would  have  been  more  favorable  to  quenched  samples  of  the  au- 
thors' steel,  if  it  is  possible  to  judge  of  this  from  the  tensile 
and   hardness   data. 

The  microstructure  of  the  low^  carbon  9.0  per  cent  manganese 
steel  is  shown  in  Fig.  3.  Martensite  is  the  predominating  constituent 
although  photographs  (a)  and  (c)  give  the  appearance  of  some 
austenite  while  the  annealed  and  the  quenched  and  drawn  speci- 
mens show  areas  similar  in  appearance  to  troostite.  The  reason 
for  the  existence  of  the  austenite  is  apparent  and  is  supported  by 
the  hardness  determinations,  but  the  explanation  of  the  presence  of 
troostite  is  not  clear,  unless  perhaps  due  to  areas  low  in  manganese 
resulting  from  the  usual  concentration  variation  during  rapid 
solidification.  These  dendritic  formations  have  persisted  through 
the  heat  treatments  in  most  of  the  cast  specimens  and  at  times  in  the 
forged  ones  also.  This  interpretation  does  not  account  for  the 
hardness  of  the  quenched  and  drawn  specimens  being  less  than  that 
of  any  others  but  does  satisfactorily  explain  the  increase  in  propor- 
tional limit  on  quenching  an  annealed  bar. 

The  16.0  per  cent  manganese  low-carbon  alloy  (Fig.  4) 
shows  in  the  cast  form  a  very  decided  dendritic  structure  which 
has  persisted  through  the  forging  operation  to  a  greater  degree 
than  in  the  case  of  any  of  'the  alloys  prepared.  The  matrix  in  eadh 
case  is  austenitic,  the  dendrites  being  a  low-carbon  martensite  due 
undoubtedly  to  manganese  segregation  occurring  during  freezing 
of  the  molten  metal.  Long  soaking  at  moderately  high  temperature 
would  be  required  to  efface  this  heterogeneity.  The  physical  tests 
show  the  usual  characteristics  of  an  austenitic  structure — low 
hardness,  low  proportional  limit,  relatively  high  tensile  strength 
and  considerable  ductility. 

In  the  microstructure  of  the  medium-carbon  3.5  per  cent  man- 
ganese steel,  there  are  no  constituents  that  are  not  common.  Never- 
theless, it  should  be  noted  that  with  only  0.45  per  cent  carbon, 
this    steel    contains    but    very    little    free    ferrite    (the    few    small 
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Fig.  3 — Carbon,  0.04  per  cent;  manganese,  8.61  per  cent.  All  magnifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1700  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1750  degrees  Fahr. 
(15  min.)  water  quenched;  (d)  and  (h)  1750  degrees  Fahr.  (IS  min.)  water  cooled, 
1100    degrees    Fahr.    (30    min.)    cooled    in    air. 
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patches  are  almost  obscured  by  the  Hghter  of  the  pearlite  areas)  ; 
presumably  with  this  amount  of  manganese  the  eutectoid  point 
lies  somewhere  between  0.55  and  0.60  per  cent  carbon.  Particular 
attention  is  invited  to  the  fact  that  this  steel  is  not  brittle.  Its 
properties  in  the  annealed  state  are  good  although  it  is  perhaps 
somewhat  harder  than  might  be  desired  for  free  machining.  The 
heat-treated  alloy  shows  an  excellent  combination  of  properties — 
high  proportional  limit,  good  ductility  and  the  "star"  fracture  so 
common  to  the  stronger  types  of  alloy  steels,  particularly  the 
nickel-chromium  combinations. 

Ingot  443  (Fig.  6)  lies  in  (iuillet's  upper  transition  zone.  In 
photographs  (a),  (b).  (d).  (f)  and  (h)  the  dark  masses  are 
troostite  and  the  groundmass  a  mixture  of  austenite  and  mar- 
tensite.  For  these  low-magnification  photographs  which  were  used 
to  illustrate  the  general  conformation  of  the  structural  components, 
it  was  not  always  possible  to  etch  in  such  manner  as  to  define 
both  austenite  and  martensite  without  destroying  the  outlines  of 
the  troostite  and  at  the  same  time  merging  the  latter  with  the  mar- 
tensite. Fig.  6  (b)  approaches  closest  to  the  desirable  condition 
of  etching;  here  the  three  constituents  are  clearly  visible,  while  in 
(c),  (e)  and  (g),  austenite  and  martensite  only  are  present. 
These  specimens  are  all  quite  soft  because  of  the  presence  of  the 
austenite,  but  the  poor  tensile  test  results  are  readily  anticipated 
from  the  hard  constituents  in  the  microstructure. 

The  alloy  containing  0.50  per  cent  carbon  and  14.0  per  cent 
manganese  is  entirely  austenitic ;  its  structure  is  in  no  wise  changed 
by  simple  heat  treatments.  The  tensile  properties  are  good, 
although  the  proportional  limit  is  very  low  and  the  elongation  much 
less  than  would  be  expected  from  a  consideration  of  the  propor- 
tional limit  along  with  hardness  and  constitution. 

Coming  to  a  consideration  of  the  higher  carbon  steels,  ingot 
449  shows  no  structural  indications  not  found  in  simple  carbon 
steels,  with  the  possible  exception  that  a  eutectoid  steel  is  obtained 
in  the  presence  of  this  amount  of  manganese,  with  a  somewhat 
lower  carbon  percentage  than  is  indicated  by  a  study  of  the  plain 
carbon  steels.  The  quenched  specimens  naturally  show  coarse- 
grained martensite  due  to  the  high  quenching  temperature  employed. 
Again  it  should  be  noted  that  this  metal  is  not  brittle,  particularly 
after  heat  treatment.      The   quenched  an<l   drawn   bar   reported    in 
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Fig.  4 — ^^Carbon,  0.05  per  cent;  manganese,  16.35  per  cent.  All  magnifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1700  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1750  degrees  Fahr. 
(15  min.)  water  quenched;  (d)  and  (h)  1750  degrees  Fahr.  (15  nun.)  water  cooled, 
1100    degrees    Fahr.    (30   min.)    cooled   in   air. 
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Table  VII,  when  compared  with  carbon  steel  of  eutectoid  composi- 
tion, shows  for  equal  strength  and  ductility  a  proportional  limit 
approximately  25  per  cent  higher. 

The  078  per  cent  carbon  steel  containing  4.40  per  cent  man- 
ganese consists  of  martensite  and  austenite  as  cast,  but  troostite 
and  austenite  upon  cooling  in  air  after  forging.  On  annealing,  the 
structure  is  a  mixture  of  pearlite  and  sorbite  containing  .small  areas 
of  ferrite;  these  may  be  due  to  negative  segregation  of  carbon  in 
the  branches  of  the  dendrites  which  is  not  completely  removed  by 
forging.  Quenching  develops  a  rather  homogeneous  mixture  of 
austenite  and  martensite  which  when  drawn  reverts  to  a  condition 
closely  resembling  that  of  the  annealed  state  but  containing  in  place 
of  pearlite  some  troostite  not  distinguishable  in  the  photographs. 
Tensile  properties  are  such  that  this  steel  would  serve  no  useful 
purpose — at  least  from  a  structural  viewpoint. 

Ingot  446  (Fig.  10)  is  austenitic  as  cast;  incidentally,  in  this 
photomicrograph,  the  primary  dendritic  structure  and  its  inde- 
pendence of  the  secondary  crystal  boundaries  is  very  pronounced. 
The  forged  specimen  consists  of  patches  of  austenite  and  nodules 
of  troostite  in  a  martensitic  ground  mass.  Annealing  produces  a 
coarse  structure  of  troostite  in  a  matrix  of  austenite  and  mar- 
tensite. On  quenching,  tlie  alloy  becomes  100  per  cent  austenitic, 
the  grain  size  being  unusually  small,  while  after  reheating  at  1100 
degrees  Fahr.,  troostite  again  is  formed  although  more  finely 
divided  and  in  greater  amount  than  after  annealing;  the  cause  for 
this  is  to  be  sought  not  only  in  the  temperature  but  also  the  rate 
of  cooling  in  each  operation.  The  physical  tests  reflect  the  hardness 
of  the  troostite-martensite-austenite  mixture  and  show  also  that  the 
fine-grained  austenite  of  this  low  manganese  content  has,  in  com- 
parison with  other  austenitic  steels  about  to  be  described,  a  lower 
strength  and  ductility. 

With  over  12.0  per  cent  manganese  and  0.94  per  cent  carbon,  a 
steel  is  produced  that  as  ca.st  is  entirely  austenitic,  (Fig.  11)  ;  as 
forged,  however,  there  are  in  addition  to  austenite,  patches  of 
troostite  and  dark  etching  narrow  grain  boundaries.  In  the  an- 
nealed state  the  matrix  is  still  austenite,  containing  patches  of 
troostite  but  the  grain  boundaries  are  not  entirely  troostitic,  there 
being  portions  which  react  toward  etching  reagents  exactly  as 
does  the  cementite  of  carbon  steels.  Quenching  yields  a  completely 
austenitic    material,    which    in    the    forged    condition    reproduces 
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Figr.  5 — Carbon,  0.45  per  cent;  manganese,  3.S8  per  cent.  All  magTiifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1600  degrees  Fahr.  (IS  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees  Fahr. 
(15  min.)  water  quenched;  (d)  and  (h)  165r>  degrees  Fahr.  (15  min.)  water  cooled, 
1100   degrees    Fahr.    (30    min.)    cooled    in    air. 
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quite  well  the  physical  values  reported  by  Hadfield^'^^  and  by 
Potter/ ^■'^  The  sligiitly  lower  values  for  the  author's  steel  may 
undoubtedly  be  ascribed  to  the  very  low  cross-sectional  reduc- 
tion in  forging  which  amounted  to  about  10  to  1 ;  this  is  consider- 
ably lower  than  for  similar  commercial  steels.  Drawing  the 
quenched  specimens  causes  the  return  of  some  troostite. 

Fig.  12,  contains  the  microstructure  of  ingot  445,  analyzing 
1.20  per  cent  carbon  and  4.62  per  cent  manganese.  As  cast,  the 
major  portion  of  the  steel  is  composed  of  austenite  and  troostite; 
fine  cementite  grain  boundaries  also  are  present.  A  prominent 
feature,  however,  is  the  numerous  dark-etching  needles  to  which 
Guillet  applied  the  name  "troosto-sorbite"  but  which  most  of  the 
recent  writers  on  this  subject  have  termed  "carbides."  An- 
nealing gives  a  structure  similar  to  that  found  in  carbon  steels 
cooled  somewhat  less  slowly  from  the  annealing  temperature — ce- 
mentite boundaries  in  a  matrix  of  sorbite  and  some  pearlite.  After 
quenching,  the  steel  is  almost  completely  austenitic ;  there  are  a 
few  patches  of  a  dark  etching  constituent,  which  in  the  cast  metal, 
at  this  magnification,  are  not  so  readily  distinguishable  from  the 
closely  packed  twins  of  the  austenite.  Drawing  causes  a  reversion 
to  the  sorbitic  state,  with  needles  and  globules  of  free  cementite ; 
the  details  of  this  structure  are  given  in  Fig.  17   (a). 

With  manganese  increased  to  over  8.0  per  cent  the  conditions 
recorded  in  Fig.  13  occur.  As  cast  there  is  found  austenite  con- 
taining cementite,  troostite  and  the  "carbide"'  or  "troosto-sorbite" 
needles  and  after  forging  austenite  with  dark-etching  grain  bound- 
aries containing  an  occasional  patch  of  troostite.  On  annealing 
troostite  and  cementite  are  present  in  the  austenite;  quenching  of 
the  cast  metal  from  1650  degrees  Fahr.  shows  them  incompletely 
dissolved  in  the  austenite,  although  after  treating  the  forged  sample 
in  the  same  manner,  they  are  absent.  Strangely  enough,  this  ap- 
parently homogeneous  austenite  does  not  possess  very  good  tensile 
properties ;  also  the  hardness  test  does  not  show  any  difference 
between  the  cast  and  forged  quenched  samples.  Drawing  to  1100 
degrees  Fahr.  produces  a  rapid  increase  in  hardness  and  a  structure 
that  consists  of  cementite,  troostite  and  "carbide"  needles  in  a 
small  amount  of  residual  austenite;  the  details  are  visible  in  Fig. 
17(e). 


13.  Loc.   Git. 

14.  Loc.    Cit. 
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Fig.  6 — ^Carbon,  0.48  per  cent;  manganese,  8.72  per  cent.  All  magnifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1600  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees  Fahr. 
(15  mm.)  water  quenched;  (d)  and  (h)  1650  degrees  (15  min.)  water  cooled,  1100 
degrees    Fahr.     (30    min.)    cooled    in    air. 
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Fig.  7 — Carbon,  0.46  per  cent;  manganese,  14.39  per  cent.  All  magnifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1600  degrees  Fahr.  (IS  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees  Fahr. 
(IS  min.)  water  quenched;  (d)  and  (h)  1650  degrees  Fahr.  (15  min.)  water  cooled, 
1100   degrees    Fahr.    (30    min.)    cooled    in    air. 
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When  cast  or  forged,  the  structure  of  the  1.25  per  cent  carbon 
steel  with  12.0  per  cent  manganese  (Fig.  14)  is  not  materially 
different  from  the  8.0  per  cent  alloy.  After  annealing  the  metal  is 
still  quite  similar;  the  troostite  particles  are,  however,  noticeably 
smaller  and  the  "carbide"  needles  are  quite  prominent  in  both  the 
cast  and  forged  condition.  Quenching  the  cast  metal  produces  a 
structure  very  similar  to  that  found  with  8.0  per  cent  manganese, 
but  in  the  forged  specimen  leaves  appreciable  amounts  of  the  dark- 
etching  grain-boundaries  vinabsorbed.  Drawing  the  quenched 
samples  brings  about  the  structure  characteristic  of  the  annealed 
state. 

One  alloy  was  made  to  study  the  effect  of  very  high  carbon  and 
moderate  manganese  content  but  unfortunately  the  former  was 
higher  than  desired.  In  all  conditions  except  the  quenched  state, 
the  photographs  of  Fig.  15  show  structures  of  cementite,  sorbite  and 
pearlite  similar  to  those  of  high  carbon  steels  with  lowxr  man- 
ganese. Quenching  produces  a  fine-grained  austenite  with  inter- 
crystalline  masses  of  cementite  which,  in  the  cast  metal  follow  the 
branches  of  the  dendrites  and  in  the  forged  alloy  are  banded  in  the 
direction  of  working.  An  effort  was  made  to  put  this  cementite 
into  solution  by  air-cooling  from  1980  degrees  Fahr.  but,  as  indi- 
cated by  the  tests  (and  metallographic  confirmation)  this  was  not 
accomplished.  Complete  solution  of  cementite  for  this  steel  can  be 
had  probably  only  above  the  liquidus  temperature;  the  properties 
of  very  high  carbon-low  manganese  austenite  must  be  studied  with 
a  slightly  lower  carbon  content. 

Theoretical  explanations  of  the  metallography  of  manganese 
steels  have  not  been  entirely  conclusive,  particularly  those  applied 
to  steels  of  the  higher  manganese  proportions.  Although  there  may 
be  disagreement  in  the  quantitative  details,  it  is  generally  conceded 
that  for  steels  under  3.0  per  cent  manganese,  increase  in  the  pro- 
portion of  manganese  causes  a  lowering  of  the  various  thermal 
critical  points  and  a  movement  of  the  loci  of  these  points  as  repre- 
sented on  the  iron-carbon  diagram,  slightly  to  the  left,  thus  giving 
a  eutectoid  point  at  a  carbon  content  increasingly  lower.  Directly 
related  to  these  facts  is  the  sluggishness,  in  response  to  heat  treat- 
ment, created  by  additions  of  manganese. 

In  general,  operation  of  these  same  influences  is  manifested 
with  higher  proportions  of  the  element,  as  translated  by  Guillet's 
equilibrium  diagram,  (Fig.  I).    This  diagram  is  similar  to  that  for 
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Fig.  8 — Carbon,  0.78  per  cent.;  manganese,  1.86  per  cent.  All  magnfiications  x  300. 
(a)  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1600  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees  Fahr 
(15  min.)  water  quenched;  (d)  and  (h)  1650  degrees  Fahr.  (IS  min.)  water  cooled,  1100 
degrees    Fahr.     (30    min.)    cooled    in    air. 
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nickel  steels  with  the  exception  that  the  two  areas  showing  troostite 
are,  in  the  case  of  the  nickel  steels,  entirely  absent,  leaving  the 
entire  triangle  a  martensitic  area.  In  this  way  Guillet  has  recorded 
results  which  show  those  differences  between  the  two  groups 
of  steels  created  by  the  fact  that  manganese  is  a  carbide-forming 
element,  whereas  nickel  is  not.  However,  the  microstructure  of 
steels  high  in  manganese  (and  carbon)  is  not  entirely  ac- 
counted for  in  this  way.  Particularly  do  steels  of  the  austenitic 
area  containing  carbon  in  excess  of  1.0  per  cent,  show  structures 
not  accounted  for  by  this  diagram.  The  different  stages  of  decom- 
position of  the  austenite  of  steels  of  varying  carbon  and  mangan- 
ese contents,  created  by  both  thermal  and  mechanical  causes  have 
received  some  study  but  hardly  sufficient  to  furnish  a  comprehen- 
sive theory  of  their  behavior.  Such  an  explanation  must  account 
for  the  presence  of  the  cementite  network,  the  dark-etching  hard 
network,  the  needles  of  "carbide"  or  "troosto-sorbite"'  and  the 
possibility  of  martensitic  formations.  The  hardening  of  "man- 
ganese steel"  by  cold  work  has  been  explained  by  the  formation  of 
martensite  or  cementite  precipitated  on  slip  planes ;  if  martensite  oc- 
curs from  this  cause,  it  would  seem  reasonable  to  infer  that  it 
would  also  be  the  first  constituent  to  form  in  the  thermal  transfor- 
mation of  the  austenite,  but  this  is  not  by  any  means  certain.  Occur- 
rence of  the  dark  etching  needles  is  most  common  in  the  steels 
of  higher  carbon  content,  and  when  it  is  considered  that  for  a 
given  percentage  of  manganese,  increase  of  carbon  removes  the 
resultant  metal  more  and  more  from  the  martensitic  and  troostitic 
areas  of  Fig.  I,  it  does  not  seem  reasonable  tliat  all  of  these  acicular 
particles  are  of  a  constituent  intermediate  between  austenite  and 
pearlite.  However,  if  such  should  be  their  nature,  then  in  "Had- 
field's  manganese  steel,"  the  thermal  transformations  are  not  so 
much  lowered  as  they  are  suppressed  and  data  on  their  location 
would  be  of  interest.  On  the  other  hand,  if  these  needles  are 
carbides,  then  there  must  be  more  than  one  manganese-iron-carbon 
compound  or  mixture  of  compounds  to  be  accounted  for  and  a 
comprehensive  theory  must  explain  their  occurrence  and  properties. 
These  are  but  a  few  of  the  points  necessary  to  a  thorough  under- 
standing of  these  alloys  for  their  magnetic  behavior  introduces  ad- 
ditional  complications. 

Po.SSIBILITIES    OF    MANGANESE    StEELS 

It  is  most  difficult  in  a  necessarily  restricted  space  to  cover  in 
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Fig.  10 — Carbon,  0.81  per  cent;  manganese,  8.87  per  cent.  All  magnifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1600  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees  Fahr. 
(15  min.)  water  quenched;  (d)  and  (h)  1650  degrees  Fahr.  (15  min.)  water  cooled, 
1100  degrees   Fahr.    (30  min.)   cooled   in   air. 
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Fig.  11— Carbon,  0.94  per  cent;  manganese,  12.68  per  cent.  All  niagiuticjtions  x 
IQO.  (a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged; 
(b)  and  (f)  1600  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1650  degree> 
Fahr.  (15  min.)  water  quenched;  (d)  and  (h)  1650  degrees  F.Tlir.  M.S  min.t  water 
cooled,    1100   degrees    Fahr.    (,^0   min.)    cooled    in    ,-»ir. 
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detail  the  entire  field  of  the  appHcation  of  manganese  in  varying  the 
physical  characteristics  of  steels.  Some  of  the  directions  for  further 
development  and  application  have,  however,  been  indicated  and 
may  well  bear  repetition  or  emphasis  along  with  possible  uses  in 
more  complex  systems. 

In  steels  under  0.40  per  cent  carbon  there  have  been  many 
applications  of  manganese  contents  up  to  about  1.5  per  cent. 
There  have  also  been  a  few  uses  of  low-manganese  steels  of  similar 
manganese  content  but  with  higher  carbon  proportions.  All  of 
these  uses  seem  fewer  than  are  justified  by  the  circumstances. 
Here  is  available  a  cheap  addition  agent  capable  of  replacing  to  ad- 
vantage certain  other  alloy  additions  or,  viewed  in  another  light, 
of  providing  at  small  cost  an  increase  in  ductility  (and  related 
characteristics)  by  using  it  in  combination  with  a  lowering  of  the 
carbon.  In  some  cases,  it  is  even  doubtful  whether  such  increase  in 
cost  would  occur  when  the  decrease  in  manufacturing  losses  cre- 
ated by  the  change  in  carbon  content,  is  considered.  Due  perhaps 
to  the  widespread  association  of  brittleness  with  the  combination 
of  high  carbon  and  high  manganese,  specifications  for  carburizing 
steels  have  limited  the  presence  of  the  latter  element  to  0.60  per 
cent  or  less.  It  is  most  probable  that  research  in  the  direction  of 
low-carbon  steels  with  up  to  2.0  per  cent  manganese,  may  show 
the  above  limit  to  be  most  arbitrary  and  may  further  indicate 
combinations  that  for  some  purposes  could  replace  other  alloy 
steels  now  in  use.  The  characteristics  of  quaternary  combinations 
including  1.0  to  2.0  per  cent  manganese  require  further  investiga- 
tion and  the  study  of  such  steels  containing  vanadium,  molybdenum, 
chromium,  copper,  etc.,  may  develop  structural  materials  of  much 
value.  In  this  connection  the  use  by  the  Naval  Gun  Factory  of  a 
casting  and  forging  steel  containing  0.30  per  cent  carbon,  1.0  per 
cent  manganese,  1.5  per  cent  nickel  and  0.4  per  cent  copper,  is  of 
interest. 

The  high-manganese  steels  also  seem  deserving  of  additional 
research.  The  study  of  the  relations  between  chemical  composition, 
melting  and  casting  practice,  mechanical  treatment  and  thermal 
treatment,  as  combining  to  produce  the  characteristics  of  the  ultimate 
product  have  not  yet  brought  perfection.  Troostite,  cementitic  and 
also  "carbide"  masses,  network  and  needles  have  often  been  causes 
of  failure;  the  microstructure  of  failed  parts  varies  widely  as  to 
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Fig.  12 — Carbon,  1.20  per  cent;  manganese,  4.62  per  cent.  All  magnifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1600  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees  Fahr. 
(IS  min.)  water  quenched;  (d)  and  (h)  1650  degrees  Fahr.  (15  min.)  water  cooled, 
1100  degrees   Fahr.    (30  min.)   cooled  in  air. 
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Pig  13 — Carbon,  1.27  per  cent;  manganese,  8.68  per  cent.  AU  magnifications  x  100. 
(a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1600  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees  Fahr. 
(15  min.)  water  quenched;  (d)  and  (h)  1650  degrees  Fahr.  (15  mm.)  water  cooled, 
1100    degrees    Fahr.     (30    min.)     cooled    in     :iii. 
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the  presence  or  absence  of  the  above  constituents ;  the  cause  or 
causes  of  the  occurrence  of  each  has  not  received  sufficient  atten- 
tion. Naturally  any  modification  that  will  help  to  curtail  the 
number  of  failures  by  removing  the  causes,  without  simultaneously 
reducing  those  properties  upon  which  serviceability  depends,  will 
be  a  step  forward.  The  nature  of  the  hard  constituents  usually 
responsible  for  failures  and  their  mode  of  occurrence  can- 
not be  entirely  explained  from  these  few  tests  but  certain  facts 
stand  forth  prominently  and  help  point  a  way.  The  alloys 
coming  within  the  scope  of  the  term  "Hadfield's  manganese  steels" 
are  covered  in  Figs.  10,  11,  13  and  14.  It  will  be  observed  that 
the  needles  of  "carbide"  occur  only  in  the  higher  carbon  steels, 
that  the  production  of  a  100  per  cent  austenitic  structure  (hard 
constituents  absent)  is  readily  accomplished  at  a  low  temperature 
in  the  low-carbon  steels,  but  not  so  readily  in  the  higher  carbon 
steels ;  also  for  a  given  manganese  content,  decomposition  of  the 
austenite  into  hard  constituents  on  reheating,  is  greater  in  amount  in 
the  steels  with  higher  carbon.  This  difficulty  of  complete  solution 
of  the  "carbides"  at  low  quenching  temperature  is  clearly  brought 
out  in  Fig.  16;  as  in  the  previous  instances  the  formation  of  100 
per  cent  austenite  is  more  difficult  in  the  cast  state.  Fig.  16(g)  is 
a  clear  exposition  of  the  situation ;  this  photograph  shows  at  low 
magnification  the  edge  of  the  bar  illustrated  in  16(e)  ;  analysis  of  a 
cross-section  of  the  bar,  excluding  the  surface,  gave  a  value  of 
1.25  per  cent  carbon,  but  at  the  edge  there  was  found  only  0.96  per 
cent.  Of  course,  austenitic  structures  can  be  obtained  if  the 
quenching  temperature  is  sufficiently  high  but  such  increase,  aside 
from  the  added  cost  of  fuel  and  furnace  upkeep,  produces  an  en- 
larged grain  (Fig.  17)  and  greater  quenching  stresses  that  ulti- 
mately mean  inferior  mechanical  properties  (Table  V).  These  con- 
siderations naturally  apply  to  castings  more  forcefully  than  to  rolled 
or  forged  bars;  they  are  also  more  applicable  to  thick  than  to  thin 
sections.  Because  of  such  conditions  the  author  favors  the  use  of 
a  slightly  lower  carbon  content  than  is  the  custom  of  many 
producers.  In  some  cases  this  can  be  accomplished  with  existing 
materials  and  processes ;  in  others  it  must  await  the  development 
of  low-priced  manganese  alloys  containing  less  carbon  than  those 
now  manufactured.    The  efTect  of  such  a  change  of  composition  on 
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Fig.  1*1 — 'Carbon,  1.22  per  cent;  manganese,  12.40  per  cent.  All  magnifications  x 
100.  (a),  (b),  (c),  (d)  cast;  (e),  (f),  (g),  (h)  forged,  (a)  as  cast;  (e)  as  forged; 
(b)  and  (f)  1600  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees 
Fahr.  (15  min.)  water  quenched;  (d)  and  (h)  1650  degrees  Fahr.  (IS  min.)  water 
cooled,    1100   degrees    Fahr.    (30   min.)    cooled    in    air. 
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Fig.  IS — ^Carbon,  1.85  per  cent;  manganese,  4.26  per  cent.  All  magnifications  x  100. 
(a),  (b),  (c),  (d),  cast;  (e),  (f),  (g).  (h)  forged,  (a)  as  cast;  (e)  as  forged;  (b) 
and  (f)  1600  degrees  Fahr.  (15  min.)  furnace  cooled;  (c)  and  (g)  1650  degrees  Fahr. 
(15  min.)  water  quenched;  (d)  and  (h)  1650  degrees  Fahr.  (15  min.)  water  cooled, 
1100    degrees    Fahr.    (30    min.)    cooled    in    air. 
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the  tensile  properties  is  slight  and  probably  in  favor  of  the  lower 
carbon  combination.  Using  for  each  steel  the  minimum  quenching 
temperature  required  to  obtain  complete  austenitization,  it  is  doubt- 
ful whether  any  appreciable  difference  in  proportional  limit  would 
result,  whereas  it  is  reasonably  certain  that  there  would  be  a  gain 
in  impact  resistance  with  the  finer  grain  resulting  from  the  lower 
quenching  temperature.  In  favor  of  this  lower  quenching  tem- 
perature made  possible  by  the  decrease  in  carbon  is  the  present 
quenching  practice  for  many  rolled  products,  which  involves  water 

Table  IX 

Tensile  Properties  of  Manganese  Steel 

Carbon  Content — 1.25  fier  cent 
Manganese  Content — 7.62  per  cent 

Bar  Heat  Prop.  Limit     Tensile      Elongation  Reduction 

No.         Condition     Treatment     lbs.  sq.  in.      Strength         in    2"  of    Area       Fracture      Brinell 

lbs.  sq.  in.     per   cent      per   cent 


X-103 
X-102 
X-101 

Cast 
Cast 
Cast 

1650=F  Water 
1800'F  Water 
2000°F  Water 

55000 
49S00 
46800 

85500 
75800 
77400 

3.8 

7.3 

16.0 

5.9 
11.3 
22.2 

Ang. 
Ang. 
Ang. 

Gran. 
Gran. 
Gran. 

251 
192 

X-107  , 

x:f06 

x-105 

._  Forged 
Forged 
Forged 

1650'F  Water 
1800  F  Water 
2000F  Water 

55000 
46800 
45800 

105400 
102800 
100300 

11.3 

25.5 
25.8 

13.9 
29.1 
31.1 

*Sq. 
*Sq. 
*Sq. 

Gran. 
Gran. 
Gran. 

217 
187 

* 

Broke  in 

points. 

cooling  immediately  following  rolling  and  without  reheating.  Here 
slight  delays  mean  "carbide"  precipitation  and  a  resultant  product 
not  in  its  best  possible  condition  for  impact  resistance.  Referring  to 
Table  VII,  a  higher  quenching  temperature  to  avoid  the  hard  con- 
stituents in  test  bar  'yi-ZZ  would  have  slightly  lowered  the  propor- 
tional limit  and  increased  the  elongation,  but  the  resultant  bar  would 
still  be  inferior  to  X-21.  In  connection  with  these  tensile  tests  it 
must  be  remembered  that  better  results  than  X-33  or  its  modifica- 
tion by  a  higher  quenching  temperature  as  indicated,  are  obtainable 
in  practice  because  the  present  test  bars  were  made  by  a  10  to  1 
reduction  from  the  ingot  whereas  usual  practice  for  rails  is  about 
40  to  1  and  for  bars  often  300  to  1  or  more.  The  figures  of 
Table  IX  support  the  statements  relative  to  the  eflfect  of  complete 
solution  of  hard  constituents  and  also  the  effect  of  working;  the 
forged  bars  were  produced  by  a  reduction  of  60  to  1  and  should 
be  compared  as  to  tensile  properties  with  specimen  X-15  (Table 
VII). 

There  remains  for  consideration  only  the  use  of  manganese  in 
large  percentages  along  with  other  alloying  elements  as  a  constituent 
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Fig.  16 — 'Carbon,  1.2S  per  cent;  manganese,  7.62  per  cent.  Magnifications  (except 
g)  X  100.  (a),  (b),  (c),  cast;  (d),  (e),  (f),  (g)  forged,  (a)  as  cast;  (d)  as  forged; 
(b)  and  (e)  1650  degrees  Fahr.  (IS  min.)  water  quenched;  (c)  and.(f)  1800  degrees 
Fahr.  (15  min.)  water  quenched;  (g)  same  as  (c)  showing  surface  of  bar,  magnifica 
tion   X   40. 


706 


TRANSACTIONS   OF 

AMERICAN  SOCIETY  FOR  STEEL   TREATING    December 


^  e 

fir*  ^!^^^*Cv^  .yf'.   '^'4*v* 


it 


Fig.  17— (a),  same  as  12  (d)  x  80O;  (e),  same  as  13  (d)  x  800.  (b),  (c),  (d) 
(0.  (g).  (h),  rail  steel,  carbon,  1.10  per  cent;  manganese,  11.42  per  cent;  (b)  1290 
degrees  Fahr.  water  quenched;  (f)  1560  degrees  Fahr.  water  quenched;  (c)  1650  degrees 
Fahr.  water  quenched ;  (g)  1920  degrees  Fahr.  water  quenched ;  (d)  2190  degrees  Fahr. 
water    quenched;    (h)    2370   degrees    Fahr.    water    quenched. 
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of  austenitic  steels.  Improvement  of  the  wear-resisting  Hadfield 
steels  has  been  attempted  and  in  this  direction  the  introduction  of 
chromium  has  been  successful  in  raising  the  proportional  limit 
although  at  the  expense  of  considerable  ductility.  However,  the 
use  of  this  combination  has  not  been  extensive.  Addition  of  other 
elements  such  as  nickel,  copper  and  vanadium  has  been  mentioned 
but  no  data  as  to  their  effects  have  been  made  available.  The 
foremost  objection  to  such  composition  modification  appears  to  be 
the  increased  cost,  and  this  objection  will  not  readily  be  overcome 
unless  extreme  improvements  are  demonstrated. 

Within  the  past  few  years  there  has  been  a  rapidly  increasing 
use  of  austenitic  nickel  steels  containing  chromium  as  a  hardening 
element.  They  have  been  advanced  as  structural  steels  for  appli- 
cations where  resistance  to  corrosion  was  a  vital  factor  and  have 
withstood  successfully  many  corrosive  influences ;  in  most  in- 
stances they  represent  a  considerable  improvement  over  the  25.0 
and  35.0  per  cent  nickel  steels.  During  the  late  war,  however, 
Germany  keenly  felt  her  shortage  of  nickel  and  undoubtedly  be- 
cause of  this,  was  led  to  modify  these  nickel  steels  by  partial 
substitution  of  manganese,  even  though  the  latter  was  none  too 
plentiful.  The  following  analyses  were  made  on  samples  taken 
from  three  German  submarine  periscope  tubes  acquired  during  the 
war  period : 


No. 

C 

Mn 

Ni 

Cr 

1 

.54 

.60 

23.67 

1.18 

2 

73 

5.07 

16.56 

None 

3 

.71 

6.68 

11.62 

4.17 

The  first  is  a  nickel  steel  with  a  small  amount  of  chromium 
similar,  except  for  slightly  lower  manganese  and  nickel  percentages, 
to  an  early  type  of  chromium-bearing  high-nickel  steel  produced  in 
this  country.  Metallographically,  the  second  is  approximately 
equivalent  to  a  27.0  per  cent  nickel  steel  and  the  third  to  25.0  per 
cent  nickel  steel  with  the  same  chromium  content.  It  is  steels 
similar  in  composition  to  the  third  one  in  this  list  that  were  re- 
ferred to  as  having  recently  been  so  widely  applied,  the  usual 
types,  however,  containing  less  than  0.50  per  cent  carbon  and  as 
high  as  18.0  per  cent  chromium. 

The    use,    of    course,    of    these    austenitic    manganese-nickel 
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steels  is  not  an  innovation  ^^^^  ^^^^  but  is  worthy  of  close  atten- 
tion for  although  the  corrosion-resistance  of  these  steels  may 
be  considered  low  in  comparison  with  austenitic  nickel  and 
nickel-chromium  alloys,  the  fact  remains  that  these  tubes  were 
functioning  well  and  showed  no  corrosive  '  effects  other  than 
the  very  thinnest  tilm  of  oxide.  It  is  always  well  to  heed 
such  occurrences  as  this,  because  in  the  last  analysis,  it  is  a 
combination  of  cost  and  ability  to  meet  service  requirements 
that  means  success  or  failure. 

The  author  is  indebted  to  Louis  Jordan  of  the  United 
.States  Bureau  of  Standards  for  the  preparation  of  the  small  in- 
gots and  desires  also  to  acknowledge  the  assistance  of  Harry 
Schultz  in  the  metallographic  work  and  J.  W.  Talley  in  carrying 
out   the  heat  treatments. 
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SOME  OBSERVATIONS  ON  FURNACES  AND  FUELS 

INCLUDING  THE  ELECTRIC  FURNACE 

FOR  HEAT  TREATING 

By  E.  F.  Collins 

Abstract 

This  paper  points  out  the  undeniable  fact  that 
furnace  selection,  whether  fuel  or  electric,  has  been  in 
the  past  one  largely  influenced  by  the  promoter  rather  tJian 
the  engineer.  It  is  urged  that  executives  avail  themselves 
of  the  service  of  the  furnace  engineer  in  the  future,  and 
it  is  urged  that  these  engineers  make  selections  after  a 
complete  study  of  the  requirements,  giving  due  considera- 
tion to  the  various  factors  involved  and  their  relative  im- 
portance. Furnaces  should  be  fitted  to  processes  rather 
than  attempt  to  fit  special  processes  to  standard  furnaces. 

Attention  is  briefly  called  to  the  adaptability  of  the 
electric  heat  treating  furnace  of  the  metallic  resistor  type 
for  carbon  steel  heat  treatment. 

Assuming  that  proper  selection  of  furnace  and  fuel 
has  been  made,  it  is  urged  that  intelligent  and  capable 
handling  and  management  be  added,  in  order  to  secure 
the  lowest  "over  all"  costs  for  the  manufactured  product. 

Finally,  if  the  electric  furnace  is  used,  where  careful 
analysis  of  conditions  call  for  it,  substantial  "over  all" 
economies  are  returned. 

Industrial  Heating  a  Broad  Field 

HAVE  you  ever  noted  how  heat,  in  one  way  or  another, 
influences  quality,  cost,  and  the  utility  of  practically 
every  manufactured  article?  Especially  is  its  applica- 
tion far-reaching  in  the  manufacture  of  metal  and  its  fabri- 
cation. Yet  it  must  he  confessed  that  industrial  heating  in 
the  past  has  not  had  the  attention  of  the  high-grade  engineer, 
as  its  importance  deserved.  All  too  often  the  selection  of 
equipment  has  been  left  to  those  who  were  ruled  more  strong- 
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ly  by  the  pramoter,  than  by  the  scientific  analysis  of  the  re- 
quirements. Many  essentials  such  as  fuel  values,  method  and 
efiiciency  of  heat  conversion,  temperature  controls  and  pyrom- 
eters, should  receive  their  full  share  of  technical  consideration. 

Danger  of  Wrong  Deductions 

Many  wrong  deductions  regarding  the  efficiency  of  elec- 
tric heat  versus  fuel  heat,  come  from  comparing  an  ineffi- 
cient electric  furnace,  perhaps  improperly  operated,  and  in 
design  not  suited  to  the  specific  process  and  manufacturing 
conditions,  with  a  fuel-fired  furnace  which  is  suited  to  the 
fuel  and  the  process,  and  is  more  efficiently  operated.  The 
difference  in  economy  resulting  is  too  often  charged  to  the 
difiference  between  electric  heating  and  fuel  heating.  In  this 
connection,  the  writer  recalls  an  example  of  such  an  erroneous 
deduction.  A  piece  of  heating  equipment  improperly  de- 
signed for  the  economical  application  of  electric  heat  was, 
nevertheless,  fitted  with  electric  heaters.  It  turned  out  a  prod- 
uct with  a  consumption  of  about  one  kilowatt-hour  for  3.5 
pounds  when  electrically  heated.  This  same  piece  of  appar- 
atus was  almost  ideally  suited  for  fuel  heating,  and  when  op- 
erated wuth  oil  heating,  gave  a  cost  for  treating  the  product 
of   only   one-ninth   of   the    cost   wath    electricity. 

Proper  design  and  proper  operation  of  apparatus  for  the 
same  work,  when  electrically  heated,  gave  35  pounds  per  kilo- 
watt-hour (or  10  times  3.5).  The  reason  then  for  doing  work 
at  one-ninth  the  cost  in  the  fuel-fired  equipment  was  that  the 
design  was  suited  to  oil  heating  and  unsuited  to  electric.  It 
would  not  have  been  reported  that  electric  heat  was  nine 
times  more  expensive  than  oil  for  the  same  purpose,  if  those 
making  the  comparison  had  not  been  mistaken  as  to  the 
cause  of  the  dift'erence.  They  erroneously  charged  it  to  the 
use  of  different  "fuels"  rather  than  to  Avrong  designs,  which 
defeated  the  proper  application  of  electric  heat. 

Design  Should  Fit  the  Fuel  and  Work 

In  order  to  forestall  charges  of  misapplication  of  a  "fuel" 
designs  must  take  advantage  of  the  inherent  characteristics  of 
electricity  or  a  fuel,  as  the  case  may  be.  Again,  furnaces  of 
the  box  type,   used   by   intermittent   charging,    should   not   be 
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compared  to  "tunnel"  type  or  continuous  conveyor  type, 
neither  should  "noncompensated"  or  "nonregenerative"  fur- 
naces be  compared  to  compensated  or  regenerative  types  with 
the  expectation  of  equal  performance.  In  such  cases  we 
should  look  for  a  more  or  less  wide  variation  in  performance 
between  the  different  types  when  used  under  the  same  con- 
ditions. The  lowest  "over  all"  cost  of  production  will  usually 
demand  one  particular  type  furnace,  depending  upon  the  re- 
quirements of  the  product. 

Relation  Between  B.  t.  u.  Cost  and  "Over  All"  Cost 

There  is  no  direct  constant  relation  between  the  calorific 
value  of  a  heat  source  and  the  "over  all"  cost,  in  industrial 
heating.  The  "over  all"  cost  is  a  function  of  (1)  the  charac- 
ter of  the  "heating  cycle"  required  by  the  product  under  man- 
ufacture, (2)  the  equipment  provided  for  the  application  of 
heat,  (3)  the  conditions  under  which  the  equipment  is  op- 
erated, (4)  the  efficiency  of  operators,  and  (5)  the  cost  of 
the  heating  medium,  be  it  electricity  or  fuel.  All  these  fac- 
tors combined  determine  the  factory  costs,  using  fuel  or  elec- 
tricity. The  quantity  consumed  afifects  the  cost  of  produc- 
tion usually  to  a  lesser  degree  than  any  other  single  factor 
listed  above.  Fuel  consumption,  for  a  given  process,  may 
easily  be  twice  as  great  in  one  furnace  as  in  another  doing 
the  same  work  but  having  a  more  efficient  design.  Again,  it 
is  true  that  a  well  designed  equipment  may  be  so  inefficiently 
operated,  (especially  in  fuel  furnaces)  that  it  consumes  double 
or  treble  the  quantity  of  heating  fuels  or  electricity  that  a 
watchful  and  highly  efficient  operator  would  use  for  the  same 
production  with  correct   methods   of  operation. 

Conditions  for  Minimum  Fuel  Cost 

Few  manufacturers  can  control  the  price  paid  for  their 
fuel  directly.  A  manufacturer  can,  however,  just  as  surely 
keep  his  cost  of  fuel  to  the  minimum,  by  using  furnaces  and 
heating  equipment  designed  to  suit  his  processes  and  the  con- 
ditions in  his  own  plant.  He  should  use  heating  apparatus 
designed  not  only  to  produce  heat  but  which  does  apply  and 
utilize  it  with  the  greatest  efficiency  in  each  individual  proc- 


TRANSACTIONS   OF 

712  AMERICAN   SOCIETY  FOR   STEEL    TREATING    December 

ess.  In  other  words,  he  should  fit  his  heating  equipment  to 
the  process  and  not  attempt  to  fit  his  process  to  the  equip- 
ment. 

Another  feature  which  enters  into  the  selection  of  a 
particular  fuel  or.  electricity,  and  which  is  many  times  of 
greater  economic  value  for  a  heating  process  than  the  B.t.u. 
content  of  the  "fuel"  or  the  perfect  release  of  the  heat  con- 
tent;  is   what   has   been   termed    "form   value." 

Were  it  not  for  the  "form  value,"  and  if  the  B.t.u.  con- 
tent of  the  fuel  were  the  whole  criterion,  then  the  use  of  oil 
or  manufactured  gas  could  hardly  prove  economical  in  the 
face  of  the  low  cost  of  bituminous  coal,  from  the  standpoint 
of  its  B.t.u.  content.  It  must  be  admitted  that  this  "form 
value"  is  somewhat  intangible,  but  in  the  "over  all"  cost  of 
production    it   appears   as    a   very   real    element. 

"Form  value"  results  from  physical  condition  or  chemi- 
cal combinations  in  a  heat  energy  source,  entirely  separate 
and  apart  from  B.t.u.  content,  such  that  an  advantage  comes 
about  in  the  application  of  its  heat  to  useful  service.  Here 
the  price  of  fuel  or  electricity,  type  of  furnace,  and  the  heat 
balance  for  the  process,  are  excluded  from  the  commonly 
accepted    conception    of    "form    value." 

Selecting  the  Proper  Furnace 

Hence  when  the  furnace  engineer  surveys  a  given  process, 
and  considers  various  fuels  or  electricity  as  the  source  '  of 
heat,  he  should  not  neglect  to  give  due  consideration  to  "form 
factor";  a  very  real  factor  influencing  "over  all"  costs.  This  is 
equally  as  important  and  many  times  more  so  than  such  fac- 
tors as  price  of  fuel  or  electricity  or  B.t.u.  heat  content,  heat 
balance  for  the  process,  or  the  first  cost  of  the  heating  ap- 
paratus. 

It  is  desired  to  emphasize  the  absolute  necessity  for  the 
furnace  engineer  to  make  a  detailed  study  and  survey  cover- 
ing in  detail  the  foregoing  general  factors  vital  to  a  correct 
design  for  heating  equipment  which  will  produce  the  "most 
efficient  results.  Whether  the  heating  shall  be  done  with 
fuel  or  electricity  can  only  be  determined  from  such  study.  If 
electricitv   is   selected,   then    should    heat   be   generated   b\'    re- 
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sistance,  by  induction,  or  by  the  arc?  If  fuel  is  to  be  used, 
then  what  form  of  fuel  will  give  the  lowest  "over  all"  cost? 
We  are  accustomed  to  make  careful  and  exhaustive  study 
of  the  application  of  the  electric  motor  in  the  jxjwer  field, 
and  of  the  electric  light  in  the  field  of  illumination,  and  so 
must  we  make  the  same  critical  and  unbiased  study  of  the 
best  methods  of  applying  electric  heat  to  industrial  processes. 
It  is  a  fact  that  while  the  cost  of  electric  heat  enters  only 
indirectly  into  the  "over  all"  cost  of  production,  it  enters  as 
a  greater  factor  usually  than  electric  energy  does  in  the  motor 
and  lighting  fields,  therefore,  we  can  aflford  to  use  no  less 
exact  engineering  methods  in  applying  electric  heat  to  in- 
dustrial heating  processes.  If  fuel  heat  is  to  retain  its  por- 
tion of  the  heating  field  rightfully  belonging  to  it,  then  engi- 
neers must  give  the  same  careful  attention  to  the  application 
of  the  proper  fuel  in  equipment  correctly  designed.  Much  fuel 
burning  equipment  is  met  with  today  which  shows  that 
proper  analysis  of  the  application  of  heat  has  not  been  made. 
Had  this  been  done,  many  fuel-fired  devices  that  are  now  in 
use,  would  already  have  been  discarded  for  the  electric ;  while 
others  w^ould  have  been  redesigned  to  give  the  most  that  fuel 
firing  has  to  oflfer. 

Many  Fuel-Fired  Furnaces  Operate  Inefficiently 

As  illustration  of  the  latter  statement,  we  note  in  a  prom- 
inent furnace  engineer's  bulletin  the  following  illustrations 
of  economy  affected  by  proper  selection  and  design  of  fuel 
furnaces   to   meet   heating   requirements    and    plant   conditions. 


Increase  of 
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Process 
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Space 
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of  Fuel 

Per  Cent 
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Small  drop  forge    (a) 

2,7 

78 

Small    drop    forge     (b) 

275 

27 

Small   drop    forge    (c) 

250 

47 

Large   drop    forge 

90 

Heat  treating  steel 

17 

33 

Hardening    steel   parts 

50 

Annealing  steel 

103 

25 

Carburizing 

90 

This    list    is    sufficient    to    indicate    that    industrial    heating 
processes   should    receive   the   attention   of   the   trained   furnace 
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engineer,  and  when  such  practice  is  followed,  is  bound  to  re- 
sult in  much  economy.  We  are  apt  to  'be  concerned  over  a 
matter  of  one  or  two  per  cent  in  the  efficiency  of  a  motor  and 
yet  the  foregoing  table  reveals  the  improvement  all  the  way 
from  25  to  275  per  cent  may  be  secured,  not  infrequently, 
by  competent  furnace  engineering.  Were  we  given  the  op- 
portunity to  study  conditions  existing  in  the  heat  treating, 
hardening,  annealing  and  carbonizing  furnaces  in  this  table, 
giving  due  consideration  to  the  advantages  of  the  electric 
furnace,  we  would,  no  doubt,  conclude  that  these  furnaces 
would  give  a  still  higher  "over  all"  efficiency  if  electrically 
heated.  This  is  not  mere  conjecture,  but  the  result  of  ex- 
pey'ience  in  using  the  electric  heat  for  these  processes.  Where 
quality  enters  as  an  important  factor,  and  the  usual  rates  for 
electric  power  prevail,  it  seldom  happens  that  fuel  will  show 
lower  "over  all"  cost  of  manufacture,  nor  the  same  great 
uniformit}^  and  high  physical  characteristics  for  the  heat 
treated  product. 

The  B.  t.  u.  Cost  Factor  May  Disappear 

Exceptional  cases  exist  as  illustrated  by  the  hot  air  pumping 
engine,  in  an  isolated  rural  district,  and  which  is  very  much  less 
efficient  than  the  present  day  gas  engine  or  oil  engine  as  regards  its 
thermal  efficiency  or  consumption  of  fuel.  Yet  it  has  peculiar  ad- 
vantages such  as  use  of  cheap  fuel,  little  need  of  attention  and  a 
resultant  "over  all"  economic  value  which  more  than  oflfsets  its 
high  consumption  of  heat  B.t.u.  for  the  work  done.  This  is  but 
another  illustration  of  how  the  quality  of  B.t.u.  consumed  and  its 
cost  may  be  completely  obliterated  by  other  more  important  con- 
siderations. 

We  may  agree,  then,  that  the  B.t.u.  value  is  only  one  element 
of  the  economic  value  of  a  fuel  for  industrial  heating  when  the 
"t)ver  all"  cost  of  manufacture  is  the  controlling  consideration,  as  it 
should  be.  Fuel  and  electric  heat  each  have  their  fields  of  use- 
fulness, where  one  cannot  compete  with  the  other;  also  fields  where 
there  is  little  to  commend  the  use  of  one  as  against  the  other. 
It  would  seem  that  the  true  furnace  engineer  should  follow  the 
broad  law  of  conservation  and  urge  the  use  of  that  type  of  heat 
which  will  conserve  our  energy  supply. 


1923  lUELS  AND  FURNACES  715 

Efficiency  of  Fuel  Burning 

Coal,  oil,  gas  and  water  power  are  the  princii)al  present  (la\' 
sources  of  energy  in  the  country.  This  group  furnishes  energy 
required  by  modern  conditions.  It  is  estimated  that  about  one- 
third  of  this  energy  is  devoted  to  the  production  of  heat  and  light, 
or  in  other  words,  something  like  150,000,000  tons  of  coal  is  used 
for  metallurgical  processes.  This  fuel  is  used  with  an  average 
efficiency  the  country  over  of  about  10  per  cent  in  metallurgical 
furnaces.  An  average  of  250  miscellaneous  oil  burning  furnaces 
gave,  actually,  a  thermal  efficiency  of  9.2  per  cent. 

It  may  be  interesting  to  note  that  if  a  good  steam-electric  plant 
delivers  12  per  cent  of  the  fuel  at  the  bus,  and  if  a  super  steam- 
electric  plant  delivers  19  per  cent  of  the  fuel  B.t.u.  at  the  bus,  then 
an  electric  furnace  with  a  thermal  efficiency  of  80  per  cent  will  in 
the  first  case  utilize  9.6  per  cent  of  the  fuel  in  useful  work,  while 
in  the  second  case  it  will  at  the  same  efficiency  deliver  15.2  per 
cent  of  the  energy  of  coal  burned  under  the  boiler  to  the  charge 
to  be  heated.  Since  the  cost  of  burning  coal  is  less  per  ton  in 
the  central  station  than  in  the  average  fuel  furnace  for  metallurgical 
purposes,  it  is  evident  that  electric  heat  often  conserves  the  coal 
supply  and  often  may  compete  with  fuel  processes  without  any  se- 
rious handicap  from  the  B.t.u.  cost  factor.  In  some  cases  where 
water  power  is  sufficiently  available,  the  lower  cost  may  be  on  the 
side  of  the  electrically  generated  B.t.u. 

Electric  Heat  and  Steel  Making 

Little  is  definitely  known  as  to  details  of  heating  methods  used 
for  making  the  first  steel.  Authorities  in  such  matters  tell  us 
that  the  melting  was  done  in  a  crude  Catalan  forge,  which  con- 
sisted of  a  bowl  formed  by  the  side  of  a  hill  and  wall.  The 
blast  was  probably  generated  through  the  medium  of  a  clay  tube 
and  some  skins  forming  a  primitive  bellows.  The  fuel  was  prob- 
ably charcoal,  and  it  was  mixed  with  the  iron  ore  and  placed 
in  the  bowl  of  the  forge.  The  affinity  of  the  iron  for  carbon 
gave  a  resultant  fused  mass  containing  a  small  per  cent  of  absorbed 
carbon,  making  it  harder  and  better  for  tools. 

Aristotle  in  250  B.  C.  describes  steel  making  of  that  period 
thus:     Iron  was  first  smelted  from  its  ore  in  Catalan  forge,  giving 
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a  mass  of  sponge  iron  full  of  slag  and  cinders  in  the  bottom  of  the 
howl.  This  sponge  was  hammered  to  relieve  it  so  far  as  practi- 
cable of  cinders  and  undesirable  material ;  then  broken  into  small 
pieces  and  again  melted  in  a  small  clay  crucible  togifether  with  small 
wood  chips  and  green  leaves,  from  which  resulted  a  very  fine 
smooth  steel  which  would  take  a  remarkable  fine  temper. 

We  do  not  know  the  history  of  the  discovery  of  tempering 
this  steel,  but  it  was  probably  accidentally  accomplished  when  a 
piece  of  the  red  hot  metal  was  thrown  or  plunged  in  water  to 
cool  it  more  rapidly. 

Damascus  steel  is  said  to  have  been  a  crucible  steel  and  has 
a  peculiarly  streaked  appearance  and  nothing  has.  to  date,  ex- 
ceeded it  in  taking  a  fine  temper.  It  is  not  superior,  however,  over 
.steels  of  later  periods  as   regards  metal   cutting. 

Huntsman  produced  the  first  modern  crucible  steel  in  the 
eighteenth  century,  and  Mushet  early  in  the  nineteenth  century 
further  perfected  the  crucible  method ;  then  came  the  modern  open 
hearth,  followed  by  the  Bessemer  process.  Hence  for  thousands  of 
years,  there  occurred  practically  no  fundamental  changes  in  methods 
of  steel  making.  The  stupendous  advance  of  the  past  50  years  in 
steel  making  has  been  associated  with  the  open  hearth,  and  Bessemer 
process,  not  to  mention  the  crucible  process  for  high-quality  alloy 
steels.  However,  perhaps,  the  most  wonderful  progress  of  all  has 
been  made  in  the  past  decade  in  uniformity  and  definite  composi- 
tion and  physical  characteristics  of  superquality  steel  through  the 
intelligent  use  of  the  electric  melting  furnace  in  the  hands  of 
trained  metallurgists. 

Steel  Meltixg  Furnaces 

The  first  steel  melting  furnace  was  developed  by  Siemans  in 
1882;  extensive  development  was  slow  until  1915  when  records 
show  213  electric  melting  furnaces  in  the  world,  while  in  1920  it 
is  estimated  there  were  a  total  of  1390  or  an  increase  of  650 
per  cent  in  five  years. 

Electric   Heat-Treating    Furnaces 

It  is  being  rapidly  and  conclusively  demonstrated  that  elec- 
tric heat  will  offer  advantages  equal  to  or  greater  in  reheating 
and  general  heat  treatment  of   steel,  than  it  has  done  in  melting 
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and  refining.  A  striking  expansion  in  the  use  of  the  electric  re- 
sistance furnace  for  the  heat  treatment  of  steel  is  shown  in  the 
past  five  years  and  progress  in  the  demands  of  industry  is  sure, 
henceforth,  to  require  the  "over  all"  economy  and  high  quality 
which  accompany  the  use  of  electric  heating  for  such  processes,  as, 
(1)  annealing,  (2)  carhurizing,  (3)  hardening,  (4)  and  tem{)ering 
or  drawing  of  steels. 

It  is  being  daily  demonstrated  that  the  electric  furnace  for 
reheating,  when  properly  designed  and  used  on  steels  having  uni- 
form characteristics  such  as  may  be  had  from  the  electric  melting 
furnace,  can  show  an  advance  in  uniformity  and  quality  over  the 
usual  steel  product  of  the  present  day  fuel-fired  furnace.  Furthe.''- 
more,  furnaces  are  available  for  any  and  all  tonnage  requirements 
and  of  such  simple  and  dependable  design  that  their  continuity  of 
operation  equals  that  of  any  fuel-fired  furnace,  while  the  low 
upkeep  cost  usually  is  on  the  side  of  the  electric  furnace.  To  this 
may  be  added  automatic  control  of  temperatures,  duplication  of 
heating  cycles,  reduction  in  defective  heat-treated  parts  and  usually 
many  other  influencing  factors  which  work  in  the  direction  of  a 
reduced  "over  all"  cost  of  production  in  favor  of  the  electric  heat- 
treating  furnace. 

The  Metallic  Resistor  Furxace 

Important  heat-treating  processes,  in  which  the  metallurgist 
should  be  interested,  and  for  which  the  metallic  resistor  electric 
furnace  is  peculiarly  adapted,  will  be  enumerated  and  briefly 
described  so  that  the  working  field  for  such  type  of  furnace  may 
be  clearly  indicated.  We  may,  for  convenience,  consider  electric 
heat-treating  furnaces  under  two  heads,  viz-.,  (1)  those  used  in 
production  of  dies  and  metal-cutting  tools  and  (2)  those  employed 
in  the  heat  treatment  of  machined,  rolled  or  forged  parts. 

The  production  of  dies  involves  the  following  heat-treating 
processes:  (1)  annealing,  (2)  carhurizing,  (3)  hardening,  (4) 
drawing. 

In  hardening  drop  forge  die  blocks,  it  is  claimed  much  trouble 
is  obviated  by  annealing  the  blocks  before  performing  machine 
operations  on  it.  Bringing  blocks  up  to  the  proper  annealing 
temperature   at   a   rate   of    perhaps  45   minutes    for   each   inch   of 
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thickness,  followed  by  cooling  in  the  furnace,  insures  against  trouble 
such  as  warping,  checking,  cracking  or  hardening.  The  proper 
annealihg  temperature  varies  with  the  carbon  content,  and  the  width 
of  the  critical  range  varies  likewise. 

The  committee  of  the  American  Society  for  Testing  Materials 
has    recommended    the    following    range    in    temperatures : 

Carbon    Content  Annealing    Temperature    Range 

Per    Cent  Degrees    Fahr. 

Less  than  0.12  1607  to  1697 

0.12   to   0.25  1544  to  1598 

0.30    to    0.49  1399  to  1544 

0.50    to    1.00  1454  to  1499 

The  length  of  time  steel  should  be  held  at  the  annealing  tem- 
perature varies  with  the  size  and  shape  of  the  piece.  It  is  im- 
portant that  the  piece  be  heated  through  uniformly  at  the  annealing 
temperature.  Where  quality  of  output  is  the  watchword,  modem 
heat  treatment  is  not  attempted  without  first  carrying  out  correct 
annealing  treatments  as  a  proper  foundation  for  subsequent  proc- 
esses. 

Automatic  Temperature  Control 

With  the  furnace  controlled  automatically  the  perplexing  ques- 
tion as  to  when  the  steel  is  heated  uniformly  throughout  is  not 
answered  by  guess,  but  it  is  clearly  and  definitely  shown  on  the 
record  of  automatically  controlled  temperatures  for  the  annealing 
cycle.  Coupled  with  this  heat  control  is  a  furnace  atmosphere  free 
from  injurious  products  of  combustion,  and  a  heating  by  uniform 
radiation  rather  than  by  cyclonic  convection  blasts  of  hot  gases 
met  with  in  the  ordinary  fuel-fired  furnace. 

Forging,  forming  and  cutting  dies  may  be  made  from  ( 1 ) 
high-carbon  steels,  (0.70  to  0.95  per  cent  carbon),  hardened  and 
drawn,  or  (2)  from  low-carbon  steel  (0.15  to  0.25  per  cent 
carbon)  case  hardened,  the  latter  virtually  eliminating  the  danger, 
which  exists  with  high-carbon  steel,  of  spoiled  dies,  through  warp- 
ing and  cracking. 

Importance  of  Quenching 

Ancient  ideas  and  processes  indicate  clearly  the  fact  that  early 
steel  treaters  attached  great  importance  to  the  nature  of  the  fluid 
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in  which  hot  steel  was  quenched.  A  work  pubhshed  in  1810  direct> 
one  "to  take  the  root  of  blue  lilies  infused  in  wine  and  quench  the 
steel  in  it  and  the  steel  will  be  hard."  The  same  author  advises 
that  if  "the  juice  or  water  of  common  beans  have  iron  or  steel 
quenched  in  it,  it  will  be  as  soft  as  lead."  It  is  said  that  some 
barrels  of  Sheffield  water  were  at  one  time  shipped  to  America 
for  steel  hardening  purposes.  Pure  cold  water  is  now  usually  em- 
ployed for  hardening.  Roughly  speaking,  steel  is  glass  hard  when 
quenched  in  ice  cold  water  or  brine,  and  softer  when  quenched  in 
oil  or  warm  water.  In  other  words,  hardness  is  a  function  of  the 
rate  of  cooling,  the  higher  the  rate  of  cooling  producing  the  greater 
hardness.  There  are  three  modern  theories  for  steel  hardening. 
(1)  the  stress  theory,  (2j  carbon  theon,-.  (3)  solution  theor\'.  The 
stress  theory  points  to  the  fact  that  the  cold  working  of  steel 
hardens  it,  and  contends,  therefore,  that  the  high  stressing  of  the 
cooled  outer  shell  of  quenched  steel  when  shrinking  upon  the  hot 
interior,  and  the  stress  of  crystal  change  from  hot  to  cold  metal, 
should  also  produce  hardness.  The  carbon  theory  contends  hard- 
ness results  from  the  carbon  content  changing  its  condition  from 
one  allotropic  form  to  another  during  quenching.  The  solution 
theory  and  perhaps  the  most  logical,  contends  that  carbon  is  in 
solid  solution  with  the  iron,  and  from  such  assumption  explains  all 
heat-treating  phenomena. 

All  theories  concerning  hardening,  howe\er.  are  united  upon 
the  necessity  of  heat  control  as  outlined  for  annealing.  Hence  the 
electric  furnace,  already  described  as  suited  to  annealing,  may  be 
used  just  as  successfully  for  heating  high-carljon  steel  dies  which 
are  to  be  hardened  by  quenching.  No  doubt  can  exist  in  the  mind 
of  the  operator  of  the  electric  furnace  as  to  the  exact  time  when 
the  die  block,  be  it  large  or  small,  has  reached  an  absolutely  uniform 
temperature  throughout.  \\'hence,  other  things  being  normal,  suc- 
cessful hardening  can  only  be  thwarted   by  improper  quenching. 

Case  Harden inc;  With   Electric  Furnace 

The  case  hardening  applied  to  low-carbon  (below  0.25  per 
cent)  dies  is  merely  the  outgrowth  of  the  old  cementation  process, 
as  used  in  making  crucible  steel.  Here,  however,  instead  of  car- 
burizing  the  metal  through   and   through,    the   process  ceases   after 
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carburizing  to  a  greater  or  lesser  depth  below  the  surface.  The 
modern  case  hardening  operation  is  not  so  simple  as  the  crucible 
process.  A  furnace  should  be  available  whose  heat  is  easy  to 
regulate  and  maintain  at  a  fixed  uniform  distribution  during  the 
whole  carburizing  process.  It  should  be  equipped  with  pyrometer, 
and  automatic  regulation  of  temperature  is  a  valuable  asset. 
Carburization  may  be  effected  in  several  ways  but  we 
will  restrict  ourselves  to  the  pack  hardening  in  boxes  containing 
the  carburizing  material  with  which  the  parts  to  be  treated  are 
surrounded.  For  practical  purposes,  work  is  usually  heated  to  at 
■least  1560  degrees  Fahr.  and  may  even  be  brought  to  tempera- 
tures of  1850  to  1900  degrees  Fahr.  High  temperature  gives 
speed  to  the  process  but  is  objectionable,  due  to  coar-ening  the 
grain  of  the  steel  and  a  tendency  to  distort  the  work.  A  good 
carburizing  temperature  1560  degrees  Fahr.  has  the  advantage 
of  altering  the  core  but  Httle,  unless  the  process  is  unduly  pro- 
longed. The  time  of  exposure  depends  upon  size  of  work,  depth 
of  carbon  penetration  desired,  per  cent  oi  carbon  required  in 
the  case,  carburizing  agent  used,  temperature  used,  etc.  Published 
tests  on  a  5/8-inch  steel  blank,  (carbon  0.15  per  cent)  show  the 
following  results  of  penetration  with  temperature  and  a  carbon 
content  on  the  surface  of  0.85  to  0.90  per  cent  with  a  penetration 
of  0.050  inches  for  a  particular  carburizer : 

Time 
of    Exposure   in   Hours 

3/2 

1 

2 

3 

4 

6 

8 

High  temperature  and  long  exposure  tends  to  render  work 
brittle,  partly  due  to  prolonged  exposure  to  high  temperature  and 
partly  due  to  relative  increase  in  cross  section  of  hardened  area 
compared  to  the  soft  core. 

The  above  remarks  lead  one  to  the  conclusion  that  the  elec- 
tric furnace  has  important  advantages  for  the  carburization  stage 
of  the  case  hardening  process,  where  it  is  evident  that  close  regula- 
tion and  control  of  temperature,  as  well  as  uniform  delivery  and 


Penetrat 

ion     in 

Inches 

Degrees   Fahr. 

1550 

1650 

1800 

.008 

.012 

.030 

.018 

.026 

.045 

.035 

.048 

.060 

.045 

.055 

.075 

.052 

.061 

.092 

.056 

.075 

.110 

.062 

.083 

.130 
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distribution  of  heat  is  essential  for  the  best  results.  Uniformity  of 
product  requires  that  each  part  of  the  charge  be  subjected  as  nearly 
as  possible  to  the  same  heat  cycle,  whether  it  be  near  the  center 
of  the  carburizing  box  or  near  its  outer  walls.  It  has  already  been 
stated  that  the  electric  furnace  with  its  automatic  control  will  bring 
each  part  of  a  charge  of  material  to  the  same  temperature  through 
the  control  by  a  surface  couple  on  that  charge.  Furnaces  may  be 
designed  to  give  practically  the  same  heat  in  each  carburizing  box 
constituting  the  furnace  charge,  even  though  the  control  is  actuated 
from  a  pyrometer  on  a  single  box.  In  other  words,  uniform 
heating  conditions   exist   throughout   the   heating   chamber. 

Remarks*  already  made  concerning  the  use  of  the  electric 
furnace  for  hardening  high-carbon  steel  dies  apply  equally  to 
heating  for  the  quench  of  carburized  dies. 

Tempering  and  Drawing 

-'  The  temper  should  be  drawn  on  all  hammer  dies,  to  relieve 
strains  and  to  give  resiliency  or  spring  resulting  in  better  wearing 
qualities.  An  oil-tempering  bath  electrically  heated  is  a  most 
.satisfactory  tool,  and  the  hardened  dies  should  immediately  go  into 
it  even  before  the  die  is  .quite  cooled  from  the  hardening  opera- 
tion. Temperature  of  oil  bath  should  be  about  400  degrees  Fahr. 
In  other  words,  hardened  steel  is  "tempered"  by  being  reheated 
to  about  400  degrees  Fahr.  where  it  looses  considerable  brittleness 
and  yet  little  of  its  hardness,  making  it  suited  for  dies,  and  metal 
cutting  tools;  reheated  to  480  degrees  Fahr.  it  is  less  brittle  and 
suited  for  use  in  rock  drills,  stone  cutting  tools,  etc. ;  at  525 
degrees  Fahr.  it  is  suited  to  dental  and  surgical  instruments,  hack 
saws,  etc.;  at  570  degrees  Fahr.  the  maximum  usually  employed,  it 
may  be  used  for  wood  saws,  springs,  etc.  Sudden  cooling  after 
tempering  does  not  effect  hardness  or  softness  of  steel,  hence  when 
taken  from  the  oil  bath,  it  way  cool  either  rapidly  or  slowly. 

Electric  furnaces  for  heat  treating  drop  forge  dies  and  metal 
cutting  tools  are  usually  of  the  box  type.  There  furnaces  operate 
at  temperatures  up  to  and  including  1800  degrees  Fahr.  and  may 
be  had  with  automatic  control  as  previously  described. 

A  furnace  suited  to  heating  large  dies  and  cutters  at  tem- 
peratures not  exceeding   1800  degrees  Fahr.,  with  automatic  tern- 
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perature    control    by    test    has    ^hown    the    followinj:^    performance. 
coni]iared   with  a  similar  o;l-hred    fnrnacc  <>n   the   -ame   work. 

Ek-clric  Oil- Fired 

Diniensiotis    heating    chamber .}l_)"x36"x22"  liiuli  4.S''x24"x20"  high 

Average    temperature   held 1450  degrees  Fahr.  1400  degrees  P'ahr 

F'uel  or  power  to  hold  at   1400  degrees   F'ahr.     8.04  KWH.  1.65  gal.  per  hour 
Cost    ner    hour    to    hold    14WJ    deg.-ees    Fahr. 

at    $1.25 $0.10  at  $0.14  $0,231 

Amount    of    steel    heated    per    hour 84  pounds  84  pounds 

Fuel  or  power  for  heating  steel 13.35  KWH.  1.9  gal.  per  hour 

Cost   fuel  or  power  pei    hour $0,167  $0,266 

Cost    per   pound    heating    steel SfMt'f'  $0,317 

These  results  may  he  surprisin^^  to  those  who  ha>e  theii" 
calctilations  solely  on  relative  B.t.ii.  costs  for  oil  and  electricit) . 
Were  the  upkeep  costs  included,  the  difference  in  favor  of  electric 
furnaces  would  increase,  since  in  the  past  four  years,  the  upkeep 
lit  this  furnace  has  been  practically  nothing. 

The  foregoing  has  applied  to  the  electric  furnace  for  heating 
processes  in  producing  drop  forge  dies  and  metal  cutting  tools.  .\ 
much  greater  field  for  the  electric  furnace  lies  in  the  heat  treat- 
ment of  drop  forgings.  Here  we  meet  again,  the  annealing,  hard- 
ning  by  quenching,  case  hardening,  and  tempering  or  drawing 
])rocesses.  The  metallic  resi.stor  furnace  is  here  again  ready  to 
demonstrate  its  superiority  in  heating  processes  involving  1900  de- 
grees Fahr.  or  less.  The  designs  of  furnaces  must  comply  with  methods 
of  handling  a  production  having  volume  and  tonnage.  Electric 
heat  can  be  utilized  with  practically  all  types  of  furnaces,  such 
as  car  bottom  type,  pusher  type,  conveyor  type,  box  or  tunnel 
type,  either  of  vertical  or  horizontal  construction.  All  furnaces 
may  be  well  heat  lagged  without  danger  to  refractories  and  at  the 
same  time  secure  low  thermal  capacity    resulting  in  quick  heating. 

There  has  been  no  attempt  in  this  jiaper  to  put  forth  any  new 
heat-treating  process.  "\\'ell  known  and  accepted  process  specifi- 
cations have  in  part  been  described  only  that  the  completeness 
with  which  the  electric  furnace  is  able  to  meet  such  conditions 
might  be   more   clearly   presented. 

The  use  of  the  electric  furnace  does  not  call  for  new  methods 
of  manipulation  of  present  heating  processes,  but  rather  fits  itself 
into  standard  and  generally  accepted  heat-treating  requirement> 
admirably,  removing  practically  all  uncertainties  connected  with 
])roper  application  of  heat ;  and  eliminates  almost  entirely  the 
handicaps    inherent    in    fuel-fired    furnaces.      These    handicaps    of 
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fuel  furnaces  have  not  been  discussed  here,  since  it  is  believed 
that  we  are  all  only  too  well  acquainted  with  such,  due  to  past 
forced  association. 

In  conclusion,  it  may  be  said  that  the  electric  furnace  for 
(juality  heat  treating,  is  rapidly  replacing  the  fuel-fired  furnace. 
Its  simplicity,  its  dependability,  its  low  upkeep,  its  improved  prod- 
ucts, and  its  ability  to  turn  out  repetition  work  free  from  defects, 
are  some  of  the  factors  which  contribute  to  economy  of  operation 
in  such  a  degree  that  with  prevailing  rates  for  electric  heat  and 
fuels,  the  electric  furnace  usually  shows  an  "over  all"  cost  per 
j)iece  which  is  less  than  that  treated  in  the   fuel-fired   furnace. 

The  Human   Blemeni 

When  all  has  been  said  and  done,  the  human  element  may 
very  materially  modify  results.  Attempts  .should,  therefore,  be 
made  to  take,  so  far  as  practical,  every  opportunity  offered  to 
minimize  the  effect  of  human  manipulation.  We  refer  to  such 
things  as  perfect  conversion  of  heat,  met  with  in  the  electric 
furnace,  and  the  automatic  control  of  power  or  temperature,  which 
is  almost  perfectly  accomplished  in  the  present  day  electric  furnace. 

Hand  in  hand  with  the  proper  selection  of  furnace  for  in- 
dustrial heating  processes  and  coincident  with  the  selection  of  elec- 
tric heat  energy,  should  be  well  worked  out  specifications^  covering 
the  best  tyjje.  its  design,  size  of  unit,  number  of  furnaces,  their 
arrangement  in  the  line  of  production  and  the  grouping  of  auxiliary 
equipment,  such  as  transportation,  handling,  cooling  and  testing. 

The  same  definite  natural  laws  control  cooling  as  well  as 
heating.  Hence  for  successful  results  and  low  "over  all"  costs, 
it  is  important  to  have  the  cooling  equipment  given  the  same 
careful  design  as  the  heating  equipment.  Control  must  be  pro- 
vided, .so  far  as  is  possible,  to  maintain  required  relations  between 
temperature,  cycles  of  heating  and  cooling,  giving  due  considera- 
tion to  surface  exposed  and  underlying  mass  in  order  to  get 
maximum  qualit;,-  and  quantity  of  production  and  economical 
operation. 

•'Over  .\ll"  Cost  and  Man.\geme.\t 

The  ett'ect  on  "over  all"  cost  due  to  "form  value,"  etc.  of  heat 
-'•nrce-.    (  fuels   and    electricity  i    are   very    mucli    veiled    in    practice 
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by  wide  divergence  in  such  economic  advantage,  depending  upon 
the  managerial  ability  of  the  users.  Under  a  poor  management 
the  most  advantageous  "form  energy"  may  be  wasteful.  Electric 
energy,  however,  under  good  management  renders  substantial  re- 
turns by  virtue  of  its  "form"  in  many  industrial  processes. 

Progress  for  the  future  means  better  heating  equipment ;  better 
methods  of  heating  and  better  means  of  handling  the  charge  both 
within  and  without  of  the  furnace.  In  order  to  insure  the  best 
equipment  let  us  have  competent  engineers  to  select  it,  then  with 
the  best  operators  to  handle  the  equipment  we  will  realize  the  min- 
imum for  our  "over  all"  costs. 


Discussion  of  Mr.  Collins'  Paper 

MR.  TURNER:  I  would  like  to  ask  Mr.  Collins  as  to  what  price 
per  kilowatt-hour  an  electric  furnace  could  .be  compared  in  cost  to 
a  gas-fired  furnace,  the  cost  basis,  and  what  cost  one  would  have  to 
buy  electric  current  at  to  economically  operate  an  electric  furnace,  as 
compared  with   gas. 

E.  F.  COLLINS:  I  might  say  that  one  of  the  objects  in  writing 
this  paper  was  to  prevent  people  from  asking  that  question,  because 
it  is  a  very  difficult  one  to  answer  directly.  In  other  words,  I  have 
pointed  out  in  this  paper,  that  about  the  last  question  that  you  should 
ask  yourself  in  choosing  between  the  electric  furnace  and  any  other 
type,  is  the  question  of  the  relative  cost  of  B.t.u.s  developed  electrically 
and  by  fuel,  because  there  are  so  many  other  considerations  usually 
met  with  whose  economic  value  is  very  much  greater  than  the  relative 
cost  of  B.t.u.  generated  electrically  as  compared  with  fuel,  that  is  a 
matter   of   taking   average   values. 

I  have  in  mind  one  instance  in  which  gas-heated  equipment  was 
replaced  by  electric  in  which  the  company  could  have  afforded  in  that 
case  to  have  paid  75  cents  a  kilowatt-hour  for  the  electric  energy  as 
against  60-cent  gas.  That  is,  of  course,  an  exceptional  case,  but  in  my 
paper,  you  will  see  that  I  have  made  a  plea  for  a  thorough  study, 
analysis  and  a  valuation  of  the  advantages  and  the  disadvantges  of  the 
electric  as  compared  with  fuel-fired  equipment,  before  deciding  which 
it  shall  be.  I  am  not  an  advocate  of  electric  heat  for  all  purposes  and 
in  all  places.  As  a  matter  of  fact,  some  of  my  hardest  fights  have  been 
to  keep  electric  heating  out  of  industrial  processes  where  I  knew  it  was 
not  suited.  I  have  always  attempted  in  my  recommendations  of  the 
electric  furnace  to  be  absolutely  impartial  and  to  make  a  study  and 
analysis  of  the  over-all  proposition,  the  over-all  cost  of  the  finished 
product,  and  then  recommend  that  form  of  heat  which  will  give  the 
best    results    considered    from    all    angles. 

As  an   example    I    recall   a   case   of  the   heat   treatment   of  a   miscel- 
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laneous  lot  of  dies.  These  ran  in  shop  costs  from  perhaps  $50  to  $100 
per  die  up  to  $1200  or  $1500,  and  I  investigated  the  total  cost  of  heat 
treating  those  dies  using  electric  heat  and  using  oil.  I  found  with 
the  rates  prevailing  that  the  electric  heat  in  this  instance  cost  just 
about  double  that  of  oil  for  doing  this  work,  but  I  also  found  that  the 
total  cost  of  the  electric  energy  for  doing  that  heat  treating  was  only 
0.006  of  the  factory  cost  of  those  dies.  Our  experience  proved  that  we 
might  expect  from  the  electrically  treated  die  a  production  that  was 
50  to  100  per  cent  in  excess  of  the  oil  treated.  You  see  you  do  not 
have  to  make  many  more  punchings  from  the  die  electrically  heated, 
to  absolutely  wipe  out  the  total  cost  of  your  electric  heat,  to  say 
nothing    about    the    difference    in    cost. 

I  hope  that  I  have  made  this  clear,  and  I  hope  that  all  of  you 
have  an  opportunity  to  read  this  paper,  in  which  I  have  called  atten- 
tion to  those  phases  which  lie  auxiliary  to  the  direct  cost  of  the  B.t.u. 
developed  electrically  as  compared  with  the  cost  of  the  B.t.u.  developed 
by    other   means. 

QUESTION:  The  main  element  in  the  cost  of  the  electric  fur- 
nace is  the  metallic  type  of  resistor,  and  the  question  resolves  itself  into 
the  section  of  resistor  metal  that  one  is  able  to  use.  I  would  like  to 
know  if  you  can  tell  us  whether  the  voltages  have  been  standardized  for 
any  type  of  furnace  that  would  allow  us  to  use  a  heavier  section  of 
metallic  resistor? 

E.  F.  COLLINS:  Ordinarily  the  electric  furnace  should  be  so 
designed  that  there  will  be.  no  appreciable  deterioration  of  the  metallic 
resistor,  and  it  is  possible  to  so  design  such  furnaces,  using  the  chrome 
nickel  resistor  that  will  carry  up  to  temperatures,  if  you  please,  of 
about  1800  degrees  Fahr.  Now  I  don't  mean  to  say,  of  course,  that 
the  deterioration  at  1800  degrees  Fahr.  is  no  more  than  the  deteriora- 
tion at  1000  degrees  Fahr.,  but  the  deterioration  of  a  resistor  at  those 
temperatures  is  very,  very  slight,  and  so  slight,  in  fact,  that  the  up- 
keep of  the  furnace  is  usually  only  a  fraction  of  the  upkeep  of  a  fuel- 
fired  furnace  of  the  same  capacity  and  doing  the  same  work. 

QUESTION:  The  question  in  my  mind  was  whether  electric  fur- 
naces have  been  developed  to  a  point  where  one  can  decide  the  proper 
voltage  at  which  to  operate  the  resistor? 

E.  F.  COLLINS:  I  think  you  are  a  bit  confused  as  to  the  effect 
of  voltage  on  the  resistor.  The  voltages  which  are  used  are  almost 
universally  standard  voltages.  The  amount  of  heat  which  is  put  into 
a  resistor  is  dependent  upon  its  resistance  and  voltage  applied.  You 
can  take  the  same  size  ribbon  and  by  making  a  longer  length  of  it 
reduce  the  quantity  of  heat,  but  we  do  run  at  certain  densities,  heat 
densities,  on  the  resistor.  A  given  number  of  watts  per  square  inch 
of    radiating    surface    are    allowed,    and    we    hold    that    value    of    heat 
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emission,  or  heat  generation,  to  such  a  point  that  at  its  maximum 
appreciable   deterioration    of   the    resistor   does    not   occur. 

QUESTION:  I  would  like  to  ask  if  the  heating  arrangement 
has  ever  been  made  that  will  take  small  voltages  for  heating  steel 
for   forging. 

E.  F.  COLLINS:  I  have  in  the  past  operated  electric  furnaces 
which  heated  billets  to  a  matter  of  1200  degrees  Cent,  or  thereabouts, 
but  that  was  a  carbon  type  of  furnace  which  did  not  prove  to  be  a 
commercial  proposition.  When  it  comes  to  applj'ing  the  electric  re- 
sistor to  a  forging  proposition  such  as  faces  us  today,  we  are  not 
ready   to   talk   about  that   j'et. 


THE  TEMPERING  OF  TOOL   STEELS 
By  J.   P.   Gill   and   L.    D.   Bowman 

Abstract 

This  paper  uiakcs  a  study  of  the  effect  of  time,  tem- 
perature and  iiuiss  on  the  temperiny  of  tool  steels,  in- 
cluding high-speed  steels.  It  is  shown  that  tempering 
colors  are  dependent  on  time  as  well  as  temperature,  and 
that  all  tempering  colors  can  be  produced  on  the  surface 
of  a  piece  of  steel  successively  at  low  temperatures  (250- 
300  degrees  Falir.)  if  held  for  a  sufficient  length  of 
time.  It  is  also  shown  that  the  time  element  is  less 
effective,  the  higher  the  drawing  temperature,  attd  thai 
mass  has  only  a  small  effect  upon  the  rate  of  tempering. 

Molecular  rearrangement  takes  place  in  harde>ied  steels 
at  atmospheric  temperatures,  the  speed  of  which  in- 
creases zvith  the  temperature,  but  is  not  proportional  t( 
the  temperature. 

The  first  measurable  decrease  in  hardness  takes  place 
in  a  1.00  per  cent  carbon  tool  steel  at  a  temperature  of 
about  275  degrees  Fahr.  when  tempered  for  a  length 
of  time  not  greater  than  tzvo  hours.  The  same  is  true 
for  a  number  of  light  alloy  tool  steels.  As  the  percent- 
ages of  carbon  and  alloys  increase,  it  requires  a  pro- 
portionally higher  temperature  to  soften  the  steel,  until 
in  high-speed  steel,  tempering  liithin  a  certain  range, 
actually  increases  the  hardness  of  the  steel.  The  specific 
gravity  increases  and  the  volume  decreases  with  the 
tempering  of  carbon  and  light  alloy  tool  steels.  A  num- 
ber of  tempering  diagrams  are  given  for  some  standard 
types  of  tool  steels. 

High-speed  and   carbon   tool  steels  should   be  slowly 

cooled    from    the    tempering    temperatures.     Quenching 

from   these   temperatures  will  produce  some  brittleness. 

A  short  discussion  is  given  of  the  phenomenon  of 

"temper  brittleness"  as  it  refers  to  tool  steels. 


A  paper  presented  before  the  fifth  annual  convention  of  the  Society 
Pittsburgh  Oct.  8-12.  1923.  The  authors,  J.  P.  Gill  and  L.  D.  Bowman 
are    metallurgists    with    the    Vanadium-Alloys    Steel    Co..    Latrobe.    Pa. 
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PRACTICALLY  all  steels  and  more  especially  tool  steels, 
after  they  have  been  hardened,  are  in  a  strained  condition 
and  oftentimes  have  excess  hardness.  To  relieve  these  strains,  to 
decrease  the  brittleness  and  hardness,. or  to  toughen,  the  steel 
is  heated  to  a  temperature  considerably  below  its  critical 
range.  This  operation  is  known  as  "tempering."  The  temper- 
ing of  steels,  simple  as  the  operation  seems,  will  occasionally 
produce  effects  little  understood  and  often  unexplainable. 
Furthermore,  the  tempering  operation  does  not  seem  to  have 
been  given  the  study  that  its  importance  apparently  deserves. 

Temper  Colors 

Until  recent  years  nearly  all  tempering  was  regulated  by 
the  so-called  tempering  colors,  and  we  know  that  this  method 
is  still  widely  used  in  the  tempering  of  such  tools  as  chisels, 
etc.  There  is  a  fair  agreement  among  steel  treaters  and 
metallurgists'  as  to  the  temperature  at  which  dififerent  colors 
appear  on  the  surface  of  a  piece  of  bright  steel  when  it  is 
heated. 

The  following  table  of  temperature  colors  is  the  one 
generally   accepted : 

Color  Degrees  Fahr. 

Faint    Yellow    430 

Straw    Yellow     460 

Dark  Yellow   480 

Brown    500 

Red   Brown    510 

Light    Purple    530 

Dark  Purple    550 

Blue    560 

Dark    Blue    570 

Pale    Blue-Grey     600 

These  colors  are  the  result  of  a  thin  coat  of  oxide 
forming  on  the  steel,  and  just  as  scale  forming  on  steel  at  a 
red  heat  increases  in  thickness  with  time  and  with  the  tem- 
perature constant,  this  coat  of  oxide  may  be  increased  in 
thickness  by  holding  at  some  temperature  a  sufficient  length 
of  time.  Thus,  holding  a  piece  of  steel  weighing  about  a 
quarter  of  a  pound  at  500  degrees  Fahr.  for  some  forty  min- 
utes, all  the  temper  colors  can  be  successively  produced 
beginning  with  the  straw  color  and  passing  through  the  entire 
range  to   the  blue.     The  following  results  were   produced   by 
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Brearley  by  lieating  small  pieces  of  steel  with  free  access  to 
air.  The  figures,  given  below  indicate  the  number  of  minutes 
required   to  produce  the   full   color  as   tabulated. 

Temperature  500  Degrees  Fahr. 
Color  Straw       Brown       Purple       Dark  Blue       Pale  Blue 

Minutes  0.5  3  11  27  40 

These  simple  experiments  show  that  the  color  is  as  much 
dependent  on  the  time  as  the  temperature.  However,  the 
time  element  also  has  effect  on  the  tempering  of  the  steel, 
and  statements  have  been  made  that  the  temper-color  bears 
a  true  relation  to  the  hardness  of  the  steel  regardless  of  how 
this  temper-color  was  produced.  That  is,  if  a  piece  of  steel 
shows  a  brown  temper — color  by  holding  at  a  temperature  of 
500  degrees  Fahr.  for  ten  minutes,  and  a  purple  color  by  hold- 
ing at  the  same  temperature  for  thiry  minutes,  the  two  pieces 
of  steel  will  have  the  same  hardness.  This  may  be  true  for 
a  number  of  cases,  but  this  rule  cannot  be  generally  applied. 
It  is  best  to  consider  that  the  color  is  only  of  value  as  an  em- 
perical  guide  under  definite  conditions. 

Molecular  Rearrangement  of  Hardened  Steel 

Molecular  rearrangement  begins  to  take  place  in  hardened 
steels  immediately  after  quenching  and  at  atmospheric  tempera- 
tures, in  proof  of  which  is  the  fact  that  hardened  magnet  steels 
show  more  constant  magnetic  properties  six  months  or  a  year 
after  hardening,  than  shortly  after  hardening.  Also  thin  strips 
of  tool  steels  hardened  so  that  they  remain  straight,  will  often 
times  warp  six  months  or  more  later,  though  they  have  not 
been  subjected  to  temperature  changes  of  more  than  20  or 
30  degrees  Fahr.  Molecular  changes  are  usually  accompanied 
by  either  heat  evolution  or  absorption,  and  it  has  been  found 
that  hardened  steel  in  returning  to  its  normal  state,  partially 
accomplished  by  tempering,  gives  off  heat.  Schottky^  in  his 
work  on  tempering  steels  shows  this  by  placing  hardened 
steels  in  water  vapor,  and  even  at  such  a  low  temperature 
notes  that  the  temperature  of  the  vapor  increases  several 
tenths   of  a  degree.     He   finds   that   the  evolution   of   heat  in- 
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creases  with  the  carbon  content  up  to  a  certain  maximum, 
and  then  decreases.  This  molecular  rearrangement  is  hast- 
ened by  an  increase  in  temperature  and  it  has  been  the  practice 
of  inanufacturers  to  quickly  age  their  magnets  by  alternately 
placing  them  in  boiling  and  freezing  water.  Since  this 
molecular  rearrangement  is  hastened  by  an  increase  in  tem- 
perature, we  are  justified  in  stating  it  is  tempering,  in  which 
case  it  follows  that  tempering  takes  place  at  atmospheric 
temperatures. 

By  holding  a  piece  of  hardened  1.00  per  cent  carbon  tool 
steel  yi  X  y^  X  2  inches  at  a  temperature  of  212  degrees  Fahr. 
for  eleven  days,  a  slight  decrease  in  hardness  took  place,  and 
during  this  time  the  entire  range  of  temper  colors  was  pro- 
duced. The  effect,  however,  of  low  temperature  tempering, 
let  us  say  up  to  the  temperature  of  boiling  water,  is  chiefly 
exhibited  by  the  removal  of  internal  strains  and  brittleness, 
resulting  from   the   strains. 

Tempering  for  a  limited  time,  that  is,  two  hours  or  less, 
the  first  definitely  measurable  decrease  in  the  hardness  of  a 
hardened  piece  of  1.00  per  cent  carbon  tool  steel  takes  place 
in  the  neighborhood  of  275  degrees  Fahr.  The  same  is  true 
for  most  light  alloy  tool  steels.  This  decrease  in  hardness  is 
very  small  and  gradual  until  a  temperature  in  the  neighbor- 
hood of  500  degrees  Fahr.  is  reached,  when  the  decrease  in 
hardness  seems  to  -become  slightly  more  rapid.  This  rate  of 
decrease  seems  to  remain  constant  up  to  a  temperature  of 
about  1250  degrees  Fahr.,  when  the  rate  of  decrease  slackens 
until  the  critical  point  of  the  steel  is  reached. 

Figs.  1,  2,  3,  and  4  show  the  eft'ect  of  dift'erent  tempera- 
tures on  the  hardness  of  hardened  tool  steels  of  four  general 
types.  Fig.  1  shows  the  curve  for  a  straight  carbon  tool 
steel  containing  1.01  per  cent  carbon,  0.30  per  cent  manganese 
and  0.25  per  cent  silicon.  Fig.  2  shows  the  curve  for  a  chrome 
vanadium  steel  containing  0.71  per  cent  carbon,  0.74  per 
cent  chromium  and  0.21  per  cent  vanadium.  Fig.  3  shows  the 
curve  for  a  steel  of  the  oil-hardening  non-deforming  type 
containing  1.03  per  cent  earbon,  1.09  per  cent  manganese, 
0.48  per  cent  chromium  and  0.18  per  cent  vanadium,  and  Fig.  4 
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shows  the  curve  for  a  steel  containing  1.11  per  cent  carbon,  and 
1.25  per  cent  tungsten. 

As  the  percentages   ut   carbon  and   alloys   in   the  steel   in- 
crease,   it    requires    a    higher    temperature    to    proportionately 
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Fig.  1 — Curve  Showing  the  Effect  of  Various  Tempering 
Treatments  on  the  Brinell  Hardness  of  a  Hardened  Carbon 
Steel  having  the  following  Analysis :  Carbon,  1.01  per  cent ; 
Manganese,  0.30  per  cent ;  Silicon,  0.25  per  cent.  Hardened  by 
Quenching   in    Water   from    1425    degrees   Fahr. 
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Fig.  2 — Curve  Showing  the  Effect  of  Various  Tempering  Treatments  on  the 
Brinell  Hardness  of  a  Chrome-vanadium  Steel  having  the  following  analysis : 
Carbon,  0.71  per  cent;  Chromium,  0.74  per  cent;  Vanadium.  0.21  per  cent.  Hardereci 
by    Quenching    in    Water    froir.    I42r    degrees    Fahr. 
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soften  the  steel  until  the  percentage  of  alloys  becomes  so 
great  that  a  pure  or  nearly  pure  austentitic  structure  is  pro- 
duced by  hardening.  Tempering  a  steel  of  this  kind  within 
a   certain  range,   will   actually   increase  its  hardness.     This   is 
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Fig,  3— Curve  Showing  the  Effect  of  Various  Tempering  Treat- 
ments on  the  Brinell  Hardness  of  an  Oil-hardening  Steel  having  the 
following  analysis;  Carbon,  1.03  per  cent;  Manganese,  1.09  per  cent; 
Chromium.  0.48  per  cent;  Vanadium,  0.18  per  cent.  Hardened  by 
Quenching   in    Water   from    1450  degrees    Fahr. 
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Fig.  4 — Curve  Showing  the  Effect  of  Various  Tempering  Treat- 
ments on  the  Brinell  Hardness  of  a  Tungsten  Steel  having  the  follow- 
ing partial  analysis:  Carbon,  1.11  per  cent;  Tungsten.  1.25  per  cent. 
Hardened   by   Quenching  in    Water   from    1450   degrees    Fahr. 

especially  noticeable  in  high-speed  steel  that  has  been  properly 
hardened.  The  structure  before  tempering  is  almost  wholly 
austenitic.    but    on    heating    within    a    certain    range    the    austenitc 
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is  changed  to  martensite,  which  is  a  harder  structure  than 
austenite.  Ihus  we  have  an  increase  in  hardness,  which  is 
often  referred  to  as  'Secondary  hardness."  Fig.  5  shows  the 
effect  of  the  drawing  temperature  on  the  hardness  of  high- 
speed steel. 

The  length  of  time  a  piece  of  hardened  steel  is  held  at 
the  drawing  temperature  greatly  affects  its  hardness.  This 
effect  becomes  less  noticeable  with  a  higher  drawing  tempera- 
ture,   which    is    apparently    due    to    a    combination    of    causes, 
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Fig.  S — Curve  Showing  the  Effect  of  Various  Tempering  Treatments 
on  the  Brinell  Hardness  of  a  High-speed  Steel  Hardened  at  2350 
degrees  Fahr.,  having  an  approximate  analysis  of  Carbon,  0.68  per 
cent ;  Chromium,  4.00  per  cent ;  Vanadium,  1.00  per  cent ;  Tungsten, 
18.00    per    cent. 

among  which  are,  that  the  rate  of  heat  penetration  into  a 
piece  of  steel  is  faster  as  the  temperature  increases  and  also 
that  the  time  factor  has  greater  possiblilities  of  demonstra- 
tion at  the  lower  temperatures,  inasmuch  as  the  steel  is  in  its 
most  unstable  condition. 

According  to  Barus  and  Strouhal",  to  each  tempering 
temperature  there  corresponds  a  maximum  tempering  effect 
which  is  the  more  quickly  reached  the  higher  the  temperature. 
This  is  true  for  all  practical  purposes  since  the  amount  of 
tempering  which  takes  place  in  one  or  two  hours  after  the 
first  four  hours  of  tempering,  is  exceedingly  small.  When 
carrying  the  length  of  time  to  extremes,  and  drawing  for 
days  and  even  weeks,  there  is  still   a   slight   further  decrease 
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in  hardness.  Where  this  decrease  in  hardness  would  stop, 
cannot  be  answered.  The  maximum  tempering  effect  at  350 
degrees  Fahr.  is  practically  accomplished  on  a  1.00  per  cent 
carbon  steel  1  inch  square,  in  about  "four  hours,  this  time  de- 
creasing rapidly  as  the  tempering  temperature  increases,  so 
that  at  a  temperature  of  1000  degrees  Fahr.  one  hour  appears 
sufficient  to  obtain  the  practical  maximum  tempering  effect. 
Fig.  6  shows  the  tempering  of  the  same  four  steels  which  were 
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Fig.  6 — Shows  the  Brinell  Hardness  Curves  of  tlie  Four  Steels 
of  Figs.  1,  2,  3  and  4  when  Tempered  for  \'arying  Lengths  oi 
Time    at     600    degrees     Fahr. 

used  for  showing  the  effect  of  different  tempering  tempera- 
tures, held  different  lengths  of  time  at  a  temperature  of  600 
degrees  Fahr. 

Effect  of  Mass  ox  Rate  of  Tempering 

Mass  has  only  a  small  effect  upon  the  rate  of  tempering, 
that  is,  if  the  practical  maximum  tempering  effect  were  ob- 
tained at  a  certain  temperature  in  one  hour  with  a  specimen 
having  a  volume  of  1  cubic  inch,  it  would  require  practically 
the  same  time  to  obtain  the  same  tempering  effect  with  a 
specimen  of  the  same  steel  having  a  volume  of  16  cubic 
inches.  Five  different  size  blocks,  each  a  cube,  were  made 
of  four  types  of  tool  steels.  Each  set  of  blocks  were  so 
hardened  that  all  had  practically  the  same  initial  hardness. 
The  specimens  were  draw^n  in  a  liquid  bath  and  held  at  the 
actual  temperatures  given,  for  the  time  given.  Tables  Nos. 
I,  II,  III  and  IV  show  the  results  obtained. 

Upon  the  initial  hardness  of  a  piece  of  steel  partially  de- 
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pends  its  hardness  after  drawing.  F"or  instance,  a  piece  of  steel 
of  such  analysis  which  can  be  made  file-hard  by  quenching 
in  water,  and  showing  a  Brinell  hardness  of  some  650,  let  us 
say  will  only  show  a  Brinell  hardness  of  550  by  quenching  in 
oil,  and  by  still  slower  cooling  a  Brinell  of  450.  The  initial 
hardness    then    of    these    three    pieces    of    steel    of    the    same 

Table    I 

Effect  of   Mass  on  the  Rate  of  Tempering  an  Alloy   Tool   Steel 

Size  of  Specimen 

1-inch    IJ/S-inch  2-inch  3-inch  4-inch 

cube        cube  cube  cube  cube 

Brinell    Brinell  Brinell  Brinell  Brinell 

Drawn  at                       number    number  number  number  number 

600  degrees  Fahr.  for     30  niin....507           567  567  578  578 

600  degrees  Fahr.  for     60  min....542           542  555  555  555 

600  degrees  Fahr.  for  120  min....524           524  532  542  532 

800  degrees  Fahr.  for     30min....468           477  477  477  477 

800  degrees  Fahr.  for    60min....452           460  460  460  460 

800  degrees  Fahr.  for  120  min.... 444           452  452  452  452 

1000  degrees  Fahr.  for     30  min.... 387           ,V)5  402  395  402 

1000  degrees  Fahr.  for    60  min 364           ?,?':>  375  364  364 

1000  degrees  Fahr  for   120  min.... 351           .^64  375  364  364 

Analysis   of   Steel 

Carbon.  0.72  per  cent,  manganese,  0.18  per  cent;  phosphorus,  0.011 
per  cent;  sulphur,  0.012  per  cent;  silicon,  0.23  per  cent;  chromium.  0.73 
per" cent;   vanadium,  0.18  per  cent. 

analysis  being  respectively  650,  550  and  450  if  then  drawn 
to  different  temperatures,  give  us  results  similar  to  those  shown 
in  Fig.  7  ideally  made  from  the  results  obtained  from  several  dif- 
ferent steels. 

\'oLUME   Changes 

Let  us  next  consider  the  volume  changes  produced  by 
tempering.  Nearly  all  tool  steels  expand  on  hardening.  That 
is,  they  show  a  greater  volume  and  lower  specific  gravity. 
Though  there  are  steels  which  may  contract  on  hardening, 
careful  specific  gravity  measurements  of  most  tool  steels  will 
show  a  lighter  material  after  hardening  than  before,  or  that 
the  volume  of  the  steel  has  increased.  Metcalf  and  Langley^ 
have  compiled  the  figures  in  Table  \  of  the  specific  gravities 
for  hardened   steels   of   different   carbon    contents. 

From  this  table  it  may  be  stated  that  the  volume  of  a  straight 

1.     The    HarHeninK    ami    Tempering   of    Steel — V.    Reiser.    P.    28. 


736 


iHAysAvnuys   ut 
AMERICAN  SOCIETY   FOR   STEEL    TREATING    December 


carbon  steel  increases  with  the  carbon  content.  It  would 
then  be  expected,  and  it  is  true,  that  tempering  carbon  and 
light  alloy  steels  increases  their  specific  gravity,  and  therefore 
lessens  the  volume,  or  in  other  words  causes  them  to  shrink. 
Fromme*  has  determined  the  specific  gravity  of  a  rod  0.16 
inch  in  diameter  hardened  and  tempered  at  various  tem- 
peratures. Taking  the  volume  of  the  annealed  rod  as  unity, 
he  obtains  the  figures  shown  in  Table  VI. 


650 

^ 

\ 

1 

\ 

^ 

X 

\ 

^~~~- 

^ 

\ 

\     \ 

=^ 

^ 

o         zoo       ^o       600       800       /ooo      /zoo 
T/'77e  //7cur. 

Fig.  7 — Curves  Showing  the  Eflfect  of  Varying  Drawing  Tempera- 
tures upon  the  same  Composition  Steel  when  Initially  Hardened  in 
Mediums  yielding  Brinell  Hardness  Figures  of  650,  550  and  450, 
respectively. 

Physical  Properties 

The  physical  properties  of  hardened  tool  steels  including 
the  tensile  strength,  elastic  limit,  percentage  of  reduction  in 
area,  and  the  percentage  of  elongation,  are  but  a  poor  index 
to  the  properties  of  the  steel  until  they  have  been  given  a 
sufficient  tempering,  to  at  least  give  a  low  definite  figure  for 
reduction  in  area.  This  is  quite  evident  since  when  there  is 
no  measurable  reduction  in  area  or  elongation,  the  tensile 
properties  of  the  steel  are  likely  to  prove  erratic.  Thus  the 
physical  properties  (just  named)  of  hardened  tool  steels  usu- 
ally have  little  importance  until  they  have  been  drawn  to  a 
temperature    in    excess    of    some   650    degrees    Fahr.,    since    at 

4.     The   Hardening  and  Tempering  of  Steel — F.    Reiser,   P.   32. 
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this  temperature  little  or  no  martcnsite  seems  to  remain  in 
carbon  and  light  alloy  steels,  and  going  above  this  tempera- 
ture troosite  begins  to  decompose  into  the  constituent  char- 
acteristic  of   steels    in    their   toughest   state,    sorbite.      Bullens 


Table    II 

Effect  of  Mass  on  the  Rate  of  Tempering 

an  Alloy 

'   Tool 

Steel 

Size  of  Specimen — 

— 

1-inch 

1^-inch 

2-inch 

3-inch 

4-inch 

cube 

cube 

cube 

cube 

cube 

Brinell 

Brinell 

Brinell 

Brinell 

Brinell 

Drawn 

at                       number 

number 

number 

numbei 

r  number 

800  degrees  Fahr. 

for     30  min. . .  .532 

-      542 

5.32 

542 

542 

800  degrees  Fahr. 

for     60  min. . .  .524 

524 

524 

532 

524 

800  degrees  Fahr. 

for  120  min. . .  .512 

512 

512 

524 

512 

1000  degrees  Fahr. 

for    30  min 437 

437 

444 

444 

437 

1000  degrees  Fahr. 

for    60  min 424 

4^4 

430 

430 

424 

1000  degrees  Fahr. 

for  120  min.... 402 
Analysis   of 

402 
Steel 

410 

410 

410 

Carbon,   0.98  per   cent;   manganese, 

0.21   per 

•   cent;    phosphorus,   0.015 

per  cent;   sulphur, 

0.013  per   cent;   silicon,   0.26 

per  cent; 

chromium,  4.07 

per  cent. 

Table    III 
Effect  of  Mass  on  the  Rate  of  Tempering  a  Carbon  Tool  Steel 

Size  of  Specimen 

1-inc'h    lJ/2-inch    2-inch     3-inch       4-inch 

Drawn  at 

600  degrees  Fahr.  for  30  min. 

600  degrees  Fahr.  for  60  min. 

600  degrees  Fahr.  for  120  min. 

800  degrees  Fahr.  for  30  min. 

800  degrees  Fahr.  for  60  min. 

800  degrees  Fahr.  for  120  min. 

1000  degrees  Fahr.  for  30  min. 

1000  degrees  Fahr.  for  60  min. 

1000  degrees  Fahr.  for  120  min. 

Analysis   of   Steel 

Carbon,    1.04  per   cent;   manganese,  0.23   per  cent;   phosphorus.  0.017 
per  cent;   sulphur,   0.008  per  cent;   silicon,  0.26  per   cent. 

designates  the  temperatures  lying  between  750  and  1250  de- 
grees Fahr.  as  the  toughening  range  of  steel,  and  it  is  steels 
tempered  only  in  this  range  upon  which  we  will  consider  the 
effect  of  the  tempering  on  the  physical  properties.  Each 
increase  in  temperature  in  this  range  lowers  the  tensile 
strength  and   elastic  limit,  but  with   a   corresponding  increase 


cube 

cube 

cube 

cube 

cube 

Brinell 

Brinell 

Brinell 

Brinell 

Brinell 

number 

number 

number 

number 

numbci 

....567 

567 

567 

555 

567 

....542 

555 

567 

542 

555 

....532 

542 

555 

542 

542 

....452 

452 

460 

460 

452 

....437 

444 

437 

452 

444 

....430 

437 

430 

444 

437 

....382 

387 

382 

382 

387 

....346 

357 

351 

346 

351 

....  340 

351 

351 

346 

346 
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in  the  ductility.  The  ratio  of  the  tensile  strength  to  the  elastic 
limit  remains  quite  constant  until  a  temperature  of  about  1300 
degrees  Fahr.  is  reached,  when  the  elastic  limit  begins  to 
decrease  faster  than  the  tensile  strength,  the  greatest  dif- 
erence   resulting   in   the  annealed  steel. 

Temper   Brittleness 
Further  consideration  of  the  physical  properties  to  include 
the  impact  strength  brings  us  to  the  discussion  of  a  phenom- 

Table  IV 
Effect   of    Mass    on   the   Rate    of    Tempering   a   High-Speed    Tool    Steel 

Size  of  Specimen 

1-inch    l^^-inch    2-inch     3-inch       4-inch 
cube        cube         cube         cube         cube 
Brinell    Brinell     Brinell     Brinell     Brinell 
Drawn  at  number    number  number    number  number 

1200  degrees  Fahr  for     30min....591  600  591  600  600 

1200  degrees  Fahr.  for    60min....578  578  578  591  578 

1200  degrees  Fahr.  for  120  min.... 542  555  555  578  555 

1300  degrees  Fahr.  for    30  min.... 402  402  402  402 

1300  degrees  Fahr.  for     60  min.  .  ..37S  382  370  382 

1300  degrees  Fahr.  for  120  min..  .  .364  364  370  375 

Analysis   of   Steel 
Carbon,   0.69   per   cent;   manganese,   0.21   per    cent;   phosphorus,   0.022 
per  cent;   sulphur,  0.003  per  cent;   silicon.  0.23  per   cent;  tungsten,   18.20 
per  cent;  chromium,  4.13  per  cent;  vanadium,   1.15  per  cent. 


Table  V 

Specific 

Gravity    of 

Steels    Having 

Different    Compositions 

Sp.  Gr. 

Sp.  Gr. 

Sp.  Gr. 

Sp.  Gr. 

Percentage 

of   the 

of  the 

of  the  steel 

of  the  steel 

of 

ingot 

annealed 

hardened  at 

hardened  at 

Carbon 

bar 

a  red  heat 

a  yellow  heat 

.529 

7.841 

7.844 

7.826 

7.814 

.649 

7.829 

7.824 

7.849 

7.811 

.841 

7.824 

7.829 

7.808 

7.784 

.871 

7.818 

7.825 

7.773 

7.755 

1.005 

7.807 

7.826 

7.789 

7.749 

1.079 

7.805 

7.825 

7.798 

7.741 

cnon  which  at  present  is  unexplainable.     This   phenomenon   is 
the  "temper  brittleness"  of  steels. 

In  the  investigations'  of  material  for  the  construction  of 
airplanes  and  airplane  engines  by  the  British  government, 
Brearley  called  their  attention  to  the  "temper  brittleness" 
phenomenon      which     occurred     particularly      in     chrome      nickel 

5.     Report  on   the   Materials  of  Construction   Used   in   Aircraft   and   .Aircraft   Engines— - 
V.   2.r 
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steels.  This  phenomenon  exhibited  itself  to  a  high  degree 
in  a  steel  containing  0.33  per  cent  carbon,  3.71  per  cent  nickel 
and  0.91  per  cent  chromium.  By  hardening  this  steel  and  then 
tempering  to  1200  degrees  Fahr.  and  cooling  slowly,  it  gave  an 
Izod  impact  value  averaging  only  four  for  a  number  of 
samples.     Instead  of  cooling  slowly  from   1200  degrees   Fahr. 

Table  VI 
Specific    Gravity    of    Rod    Hardened    and    Tempered    at    Various    Tem- 
peratures 

Volume  of  rod 
Condition   of  rod  0.16  inch   in  diameter 

Annealed     1.00000 

File     hard      1.01000 

Tempered    at    yellow     1.00492 

Tempered    at    blue     1.00425 

Tempered  at  grey  1.00060 

Tempered  very  high   1.00055 

Table  VII 
Izod    Impact    Tests    on    Standard    V-Notched    Bars 

The  bars  were  heated  to  1200  degrees  Fahr.  for  30  minutes,  cooled  to  and 
quenched     in     water     from     the     temperatures     shown     in     each 

column.     The  results  are  given  in  foot-pounds. 
Analysis     of  1200  1050  900  750  600 

steels  tested  degrees       degrees       degrees       degrees      degrees 

Fahr.  Fahr.  Fahr.  Fahr.  Fahr. 

1.00%   C,  .005%  -S 

.31%  Si,  .02%  P  •  '>  8  9  13  14 

.23%    Mn.    .00%    Cr 

.51%   C.   .010%:    S 
.31%   Si,   .015%.    P 

.30%   Mn.   .80%    Cr    -  32'  hZ  r,4  77  79 

.21%  Va 

.71%    C.    .012%    S 
.33%   Si,   .011%   P 

:18%>   Mn.  .73%   Cr  66  72  73  82  82 

.17%  Va 

but  by  quenching  in  water  from  this  temperature,  the  average 
Izod  impact  number  was  48,  or  twelve  times  the  figure  ob- 
tained by  slow  cooling,  while  at  the  same  time  the  other 
physical  properties  remained  the  same.  This  so-called  "temper 
brittleness"  was  not  noticed  until  the  steel  was  tempered  to 
a  temperature  in  excess  of  750  degrees  Fahr.  and  showed  its 
greatest  eflfect  when  the  steel  was  ten.;->ered  to  1100  degrees 
Fahr.  Fig.  8  shows  this  effect  exhibited  in  another  nickel- 
chrome    steel.     The    steel    was    first    hardened,    then    tempered 
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to  1200  degrees  Fahr.  and  then  slowly  cooled  to  the  temperature 
diown,  and  quenched  in  water  from  these  temperatures.  This 
phenomenon  was  further  investigated  by  others  and  reported 
)n  at  the  fall  meeting  1923  of  the  British  Iron  and  Steel 
institute,  by  Rogers  and  Greaves  in  two  separate  papers. 
Rogers  reported  that  "temper  brittleness"  existed  in  low 
carbon  steels,   nickel   steels   and   chrome   vanadium   steels. 

The  authors  of  the  present  paper  have   extended   this   in- 
vestigation to  several  types  of  tool  steel.     A  number  of  speci- 
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Fig.  8 — Shows  the  Effect  of  Temper  Brit- 
tleness upon  the  Izod  Impact  Values  of  a 
Nickel-chromium    steel. 

mens  were  made  according  to  the  Izod  standard,  that  is,  10 
millimeters  square  with  a  V-notch  2  millimeters  deep,  having 
a  small  radius  at  the  bottom.  All  the  specimens  of  each  type 
of  steel  were  hardened  as  nearly  as  possible  under  identical 
conditions.  The  difterent  lots  of  specimens  were  drawn  and 
quenched  with  the  results  as  shown  in  Tables  VII  and  VIII. 
It  will  be  seen  from  these  results  that  not  one  of  the  steels 
exhibited  "temper  brittleness,"  and  a  preliminary  investiga- 
tion of  a  number  of  other  tool  steels  showed  similar  results. 
Furthermore,  Table  VIII  shows  that  quenching  from  the 
drawing  temperature  in  most  cases  gave  lower  impact  values. 
Six  specimens  of  an  18  per  cent  tungsten  high-speed  steel 
Yz    inch    square,    were    hardened    under    the    same    conditions 
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from  a  temperature  of  2325  degrees  Fahr.  and  drawn  to  1100 
degrees  Fahr.  for  twenty  minutes.  Three  of  the  specimens 
were  slowly  cooled  and  the  others  quenched  from  the  drawing 
temperature.  Following  are  the  average  impact  results  ob- 
tained: 

Cooled  Slowly  Quenched  in  Water 

83  68 

From  these  results,  it  is  evident  that  both  high-speed  and 
carbon  tool  steels  should  be  slowly  cooled  from  the  drawing 
temperature. 

Tools  should  be  tempered  as  soon  as  possible  after  harden- 
ing,    and     should     be     heated     uniformly     and     slowly     during 

Table  VIII 
Izod    Impact    Tests    on    Standard    V-Notched    Bars 

Upper  row  of  figures  are  the  results  obtained  by  heating  to  and  quench- 
ing in  water  from  the  temperatures  shown. 
Lower  row  of  figures  are  the  results  obtained  by  heating  to  and  cooling 
slowly   from    the    temperatures    shown. 

1200  1050  900  750  6UU 

Analysis    of  degrees       degrees       degrees       degrees      degrees 


steels  tested              Fahr. 
1.00%C,  .31%  Mn,  .25%Si..   9 
.005%  S,  .02%P,  .00%   Cr..l2 

Fahr. 

5 
8 

Fahr. 
4 
6 

Fahr. 
4 
4 

Fahr. 
3 
2 

.51  %C.  .31%  Si.  .30%     Mn.  .52 
.010%  S,  .015%  P,  .80%    Cr..76 
.21%  Va 

2,2> 
44 

20 

25 

10 
14 

13 
10 

.71%  C,  .i2,%  Si,  .18%  Mn.. 66 
.012%  S.  .011%?,    .73%  Cr.. 82 
.17%   Va 

58 
57 

12 
18 

4 
3 

•• 

the  tempering  operation,  this  being  more  especially  true  if  the 
tool   is   complicated   and    has   thin   sections   and   sliarp   projections. 

Tempering  Methods 

Tempering  methods  are  quite  varied,  and  many  may  have 
their  usefulness.  The  use  of  the  tempering  plate  made  of 
cast  iron  and  heated  from  beneath,  and  the  judging  of  the 
tempering  of  the  tool  from  its  color,  is  a  very  old  method  and 
one  which  is  not  any  too  exact.  The  sand  bath  method  of  pack- 
ing the  tools  in  sand  in  a  suitable  container  and  measuring 
the  temperature  of  the  sand  Avith  a   thermometer  or  thermo- 
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couple,  is  reasonably  satisfactory.  It  seems,  however,  that 
the  liquid  bath  method  is  for  general  tempering  work,  the 
best.  The  liquid  used  depends  on  the  temperatures  necessary. 
Oil  may  be  used  up  to  a  temperature  of  500  degrees  Fahr., 
and  somewhat  higher,  as  mineral  oil  can  be  obtained  having 
a  flash  point  of  600  degrees  Fahr.  For  temperatures  between 
450  and  1000  degrees  Fahr.  a  mixture  of  two  parts  KNO3  and 
three  parts  NaNO.,  may  be  used.  For  temperatures  from 
650  to  1500  degrees  Fahr.  lead  may  be  used,  or  by  adding 
eight  parts  of  tin  or  antimony  to  fourteen  part  of  lead,  it  be- 
comes liquid  at  420  degrees  Fahr.  The  liquid  should  be  placed 
in  a  suitable  container  preferably  one  w^ell  insulated,  and 
should  be  heated  by  some  method  that  is  uniform  and  easy  of 
control.  A  wire  basket  should  be  provided  and  the  pieces  to 
be  tempered  placed  in  it  and  the  whole  lowered  into  the  liquid, 
which  should  be  at  a  reasonably  low  temperature.  The  whole 
should  then  be  heated  to  the  tempering  temperature.  This  is 
much  better  than  having  the  bath  at  the  desired  tempering 
temperature,  and  then  suddenly  placing  the  tools  in  it.  This 
sudden  heating  tends  to  produce  new  stresses  which  must  in 
turn  be  overcome. 


Discussion   of  Messrs.  Gill  and   Bowman's   Paper 

CHAIRMAN  MERTEX :  Gentlemen,  we  now  have  this  pajier  entitled 
the   Tempe-ring  of  Tool  Steel,  open   for  discussion. 

MR.  TURNER:  I  would  like  to  ask  the  speaker  whether  there  would 
be  any  difference  on  the  drawing  of  high-sgeed  steel,  between  the  regular 
tungsten  and  the  cobalt  steels;  he  showed  there  the  highest  hardness  at 
about  1500  degrees  Fahr.;  now  would  a  cobah  high-speed  steel  show  an> 
change  at  the  same  temperature? 

J.  P.  GILL  :  The  tempering  diagram  of  a  cobalt  steel  is  practically  the 
same  as  an    18  per  cent   tungsten  steel. 

MR.  TURNER :  You  would,  therefore,  figure  on  the  same  drawing,  for 
both? 

J.  P.  GILL:     Yes. 

A.  H.  d'ARCAMBAL:  Messrs.  Gill  and  Bowman  have  shown  quite 
clearly  that  the  low  tungsten  type  of  tool  steel,  that  is,  a  1.25  or  1.5  per 
cent  tungsten  type,  resists  tempering  no  better  than  does  the  plain  carbon 
type  of  tool  steel. 

It  might  be  of  interest  to  say  that  some  small  tool  manufacturers 
have  put  on  the  market,  taps  made  of  this  1.25  per  cent  tungsten  tool  steel 
and   called   them   semi-high   speed    steel   taps.      This   is   a   misnomer,   because 
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such  tools  have  absolutely  no  more  high-speed  properties  than  does  a 
l)Iaiii  carbon  tool  steel  tap.  Moreover,  the  majority  of  the  low  tungsten 
tool  steels  on  the  market  contain  about  one-half  of  one  per  cent  chromium 
and  this  means  tliat  the  steel  will  resist  tempering  at  a  lower  temperature 
than  the  plain  carbon  tool  steel.  For  example,  tools  made  of  plain  carbon 
tool  steel  drawn  to  400  degrees  Fahr.  are  practically  file  hard,  that  is. 
drawn  to  temperature  and  then  taken  out  of  the  bath,  whereas  tools  made 
of  this  low  tungsten  one-half  of  one  per  cent  chromium  tool  steel,  can  be 
filed  without  difiicuUy  when  drawn  to  the  same  temperature  in  the  same 
manner. 

1  would  like  to  ask  Mr.  Gill  what  experience  he  has  had  in  tem- 
pering high-speed  steel  for  various  periods  of  time  at  approximately  1100 
degrees  Fahr.  If  a  tool  were  file  hard  after  being  drawn  for  30  minuter 
at  1100  degrees  Fain,  would  it  still  be  file  hard  when  drawn  at  HOG 
degrees  Fahr.    for  one  hour,  two  hours,  three  hours,  etc.? 

J.  P.  GILL:  We  tempered  steels  for  periods  of  one  week  and  did  not 
(ind  a  decrease  in  file  hardness.  It  seemed,  however,  that  from  one-half  to 
one  hour  the  m;i\imum  effect  was  obtainable. 

A.  11.  dWKCAMBAL:  1  believe  in  Table  V  you  showed  that  heat- 
ing to  1200  degrees  Fahr.  and  then  cooling  slowly  to  1000  degrees  Fahr. 
and  (juenching,  you  obtained  a  higher  impact  value  than  you  did  when 
quenching  directly  from  1200  degrees  Fahr.  How  did  the  tensile  properties 
compare  on  the  two? 

J.  P.  GILL:  We  did  not  obtain  the  tensile  properties.  However,  it 
is  likely  there  would  be  little  difference.  The  results  reported  by  Harry 
13rearley  show  practically  the  same  tensile  strength  for  specimens  that 
showed  temiK'r  brittlencss  as  for  those  of  the  same  analysis,  not  showing 
this  phenomenon. 

A.  H.  d'ARC.\.\IB.\L:  Would  it  not  be  good  practice,  then,  to  ob- 
tain greater  toughness  by  cooling  down  slightly  before  quenching,  so  as  to 
increiise  the  impact   value   without  changing  the  static  tensile   properties? 

J.  P.  GILL:    For  a  tool  steel,  it  would. 

A.  II.  d'ARCAMBAL:  You  obtained  these  results  on  chrume-vanadium, 
S.   A.   E.   6150   steel,  did   you  not? 

J.  P.  GILL:  All  of  the  chrome-vanadium  steels  we  tested  we;e 
more  brittle  wlien  (|uenc!icd  from  the  drawing  temperatures  than  when 
cooled  .slowly.  By  cooling  slowly  is  meant  cooling  freely  to  room  tem- 
perature without  an  air  blast  and  also  without  Inirying  in  any  insulating 
medium. 

CHAIRMAN  MERTEN  :  The  test  bar  used  tor  the  impact  test  was  a 
standard  notched  bar,   was   it   not? 

J.  P.  GILL:     It  was  a  notched  bar. 

CHAIRMAN  MERTEN:  Probably  some  of  your  results  that  showed 
a  failure  on  quenching  from  the  higher  heat  could  be  attributed  to  the 
notched  bar. 

J.  P.  GILL :     We  took  an  average  of  several  tests. 
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CHAIRMAN  MERTEN:  Would  you  find  the  same  results  on  a 
solid  bar? 

J.  P.  GILL:  We  used  a  solid  bar  5^  inch  square  for  the  high-speed 
steels    and    obtained    similar    results. 

A.  L.  DAVIS :  Since  your  test  was  largely  confined  to  drawing 
temperatures  of  650  degrees  Fahr.  and  above,  you  were  in  a  range  higher 
than  that  generally  used  in  tempering  plain  carbon  tools,  and  hence  you 
cannot  draw  any  conclusions  as  to  that.  Nevertheless,  it  occurs  to  me  that 
the  figures  that  you  report  for  650  (or  perhaps  in  some  cases  the  next 
higher  temperature)  did  have  a  trend  for  the  quenched  samples  to  show 
up  better  than  the  slowly  cooled  ones ;  that  is,  they  would  show  3  as 
against  2.  Getting  it  down  so  small,  perhaps  it  is  difficult  to  draw  con- 
clusions, anyway, — but  do  not  your  figures  suggest  a  tendency  in  such 
steels,  when  drawn  at  the  lowest  temperatures,  to  develop  temper 
brittleness? 
drawn  at  the  lowest  temperatures,  to   develop  temper   brittleness? 

J.  P.  GILL :  No,  I  can  not  say  that  they  did.  At  the  lower  draw- 
ing temperatures  most  of  the  steels  were  file  hard  and  consequently 
broke  very  sharply  when  struck.  Therefore,  a  difference  of  one  or  two 
points,  with  the  impact  value  so  low  cannot  indicate  much.  If  temper 
brittleness  should  exist  in  tool  steels,  we  would  expect  to  find  it  some- 
where between  600  and  900  degrees  Fahr.,  but  this  was  not  the  case. 

A.  L.  DAVIS :  Was  it  not  a  fact  that  in  almost  every  case  at  the 
650-degree  draw,  a  slightly  lower  strength  was  shown  than  on  the  slowly 
cooled  pieces. 

J.  P.  GILL :  Yes,  there  was  a  slight  difference,  but  so  httle  we  did 
not  attach  any  importance  to  it. 

W.  D.  FULLER :  You  say  that  you  distinguished  a  decrease  in  hard- 
ness in  the  metal  drawn  at  212  degrees  Fahr.? 

J.  P.  GILL:  Yes,  after  11  days.  We  kept  the  specimens  in  a  ther- 
mostat at  212  degrees  Fahr.  and  removed  the  specimen  once  every  24 
hours   to  measure   the  hardness. 

A.  H.  d'ARCAMBAL:  We  have  found  that  a  one-half  per  cent 
chromium  tool  steel  drawn  for  about  8  hours  at  212  degrees  Fahr.  cai 
be  filed  without  much  difficulty.  A  plain  carbon  tool  steel  drawn  for  the 
same  time  will  be  file  hard  after  the  test,  showing  that  chromium  tends 
to   produce  tempering  at  a  lower  temperature. 

PROF.  O.  W.  ELLIS :  It  has  been  clearly  indicated  that  a  decrease 
in  hardness  occurred.  It  appears  that  some  work  is  required  to  con- 
nect up  the  rate  of  cooling  of  steel  with  the  subsequent  hardness  o\\  tem- 
pering. A  large  number  of  experiments  have  been  carried  out,  which 
have  shown  that  test  pieces  of  approximately  the  same  size  as  those  dealt 
with  by  Mr.  Gill,  increase  in  hardness  at  the  low  drawing  temperatures. 
Take  for  example,  the  work  of  Brinell.  reported  to  the  Iron  and  Steel 
institute  in  1901 — work  that  is  probably  the  most  exhaustive  on  heat  treating 
that  has  ever  been  carried  out — I  think  that  in  practically  every  instance  he 
discovered  an  increase  in  tensile  strength  to  occur  on  drawing  subsequent 
to    water    quenching    and    a    decrease    in    tensile    strength    on    drawing    sub- 


1923  TEMPERING   OF   TOOL   STEELS  745 

sequent    to    oil  quenching.      It    appears    that    some    connection    needs    to    be 

made    between,  first,    rates    of    quenching,    second,    hardness    subsequent    t  ) 

quenching,  and  third,   hardness  subsequent  to  tempering  after   varying   rates 
of  quenching. 

J.  P.  GILL:  The  specimens  were  hardened  according  to  the  recom- 
mended treatment  for  hardening  the  steel  when  it  was  to  be  used  for 
tools  and  dies.  No  attempt  was  made  to  harden  the  steel  by  unusual 
methods  to  obtain  an  austenitic  structure  which  would,  of  course,  first  show 
an  increase  in  hardness  when  drawn. 

J.  W.  SMITH:  All  these  tests  were  conducted  in  an  oil  bath,  as 
I  understand   it. 

J.  P.  GILL :  Some  with  oil,  others  with  salt  aiid  lead.  For  the  low 
temperatures  we  used  oil,  and  above  650  degrees  Fahr.  we  used  salt  or 
lead. 

H.  J.  FRENCH:  I  have  been  much  interested  in  Mr.  Gill's  paper,  and 
I  assume  that  he  has  used  in  all  cases  a  hardening  practice  similar  to 
that  which  is  customarily  used  in  practice  in  hardening  the  various  steels. 
However,  the  discussion  which  has  taken  place  appears  to  me  to  make 
desirable  some  mention  of  the  fact,  that  the  characteristics  of  the  hard- 
ness-tempering temperature  curves  for  tool  steels  are  largely  dependent 
upon  the  original  hardening  treatment  given  the  steel  of  a  given  composit'on 
and  given  size.  For  example,  a  one  per  cent  carbon  steel,  which  is  hardened 
from  a  temperature  such  as  is  customarily  used  in  practice,  may  show 
a  decrease  in  hardness  with  rise  in  tempering  temperature;  however,  if 
that  steel  is  heated  to  a  high  enough  temperature  and  then  quenched,  we 
may  get  at  first,  increase  in  hardness  with  rise  in  tempering  temperature. 

I  noticed  in  the  charts  which  were  shown  here  today  the  original 
hardening  treatments  were  not  specified.  I  assume,  of  course,  that  in  the 
manuscript  those  are  given  in  detail.  One  chart  was  shown  having  three 
hardness-tempering  temperatures  curves.  I  think  one  began  at  650.  another  be- 
gan at  450,  another  one  at  a  lower  hardness.  I  did  not  understand  whether 
that  was  to  represent  the  effect  of  mass  or  whether  it  was  to  represent  ex- 
periments relating  to  the  effect  of  the  original  cooling  medium.  Of  course, 
the   two  of   them   are   more  or   less    interrelated. 

J.  P.  GILL:  It  was  to  show  the  effect  of  drawing  on  samples  of  the 
same  analysis  having  a  different  initial  hardness,  this  hardness  produced 
by  the  rate  of  cooling. 

H.  J.  FRENCH :  If  a  cue  per  cent  carbon  steel  is  hardened  in  water, 
the  ratio  of  the  elastic  limit  to  the  tensile  strength  is  very  much  greater 
than  the  same  elastic  ratio  when  the  steel  is  quenched  in  oil,  even  though  com- 
parisons are  based  upon  a  fixed  tensile  strength  or  hardness  value,  or  a  fixeJ 
elastic  limit  value.  I  think  that  point  is  rather  important  in  relation  to  thi^ 
question  of  brittleness. 

J.  P.  GILL:    Yes,  it  is. 

A.  H.  d'ARCAMBAL :     Have  you  ever  conducted  tensile  tests  on  J^-'nch 
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diameter  carbon  tool  steel  wire,  quenched  in  oil  as  compared  with  brine 
quenched  specimens? 

J.    P.   GILL:    No. 

A.  H.  d'ARCAMBAL:  Both  tn-atmcnts  will  givr  i\W  hard  specimens. 
I  was  wondering  how  the  toughness  values  .would  show  on  such  specimens. 

H.  J.  FRENCH:  At  the  close  of  the  World  w-ar  th:'re  was  appointed 
under  the  National  Research  council  a  committee  which  was  first  know.i 
as  a  Blue  Heat  committee.  This  committee  was  concerned  w'th  a  study 
of  the  so-called  temper  brittleness  or  "Krupp  Krankheit"  of  structural 
carbon  and  alloy  steels.  In  looking  over  Mr.  Gill's  charts  I  find  that  the 
highest  impact  values  were  in  all  cases,  or  nearly  all  cases,  obtained  on  a 
slow  cool  from  the  draw.  As  I  remember  the  results  obtained  by  this 
committee,  not  particularly  in  their  own  tests,  but  in  summarizing  the 
work  of  other  investigators,  they  found  in  a  majority  of  cases  that  the  high- 
est impact  values  were  obtained  in  samples  which  were  quenched  from 
the  drawing  heat. 

However,  several  cases  came  up,  or  came  to  their  attention,  where 
results  consistent  with  Mr.  Gill's  results  were  shown,  that  is,  the  slow 
cool  gave  the  highest  impact  values.  I  would  like  to  ask  Mr.  Gill  wh:ther 
in  his  e-xperience  he  has  found  that  the  slow  cool  or  the  quench  from  the 
drawing  heat  gives  the  highest  impact  value,  or  whether  the  question  ha; 
been  settled? 

J.  P.  GILL  :  Our  investigation  was  absolutely  in  the  field  of  tool  steels. 
We  did  not  attempt  to  investigate  the  steels  which  Brearley  and  others  re- 
port as  showing  the  phenomenon  of  temper  brittleness.  The  tool  steels 
which  we  investigated,  nearly  all  of  which  could  be  made  file  hard  by 
ordinary  hardening  methods,  showed  a  lower  impact  value  by  quenching 
from  the  drawing  temperature.  We  do  not  believe  there  is  any  doubt  but 
that  many  steels  particularly  of  the  chrome-nickel  type  are  tougher  by 
quenching  than  by  slow  cooling. 

H.  J.  FRENCH:  Is  there  a  possibility  that  the  higher  impact  values 
on  the  slow  cool  are  a  result  of  the  longer  time  at  which  the  sample  is 
hot,   although   not   at  a   constant   temperature? 

J.  P.  GILL:  That  is  possible;  but  not  likely  to  have  had  a  marked 
effect  since  all  the  specimens  were  held  at  the  drawing  temperature  for 
30  minutes  before  cooling. 

QUESTION  :  Is  there  any  relative  metallographic  constituent  present 
in  each  of  those  steels  that  will  give  a  minimum  temper  brittleness  and  a 
minimum  impact  value? 

J.    P    GILL:     We  were   not   able  to  locate   any. 

CHAIRMAN  MERTEN  :  Temper  brittleness  is  usually  connected  with 
a  brittleness  at  some  lower  temperature  than  Mr.  Gill  employed;  600  or  70 J 
degrees  Fahr.,  is  the  brittle  range,  and  not  1100  or  11200  degrees.  I  be- 
lieve that  has  considerable  to  do  with  the   results  obtained. 

J.  P.  GILL:     We  report  from  600  to  900  degrees  Fahr.  as  the  range. 

T.    STRAUSS :     Small  variations  in   hardness   have  a   very   great   effect 
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i:ix)n  the  impact  value  of  hard  steel,  and  I  just  wonder  whether  Mr.  Gill 
has  checked  up  the  results  that  he  has  shown  for  slow  cooling  as  against 
rapid  cooling  in  order  to  see  what  changes  in  hardness  have  occurred, 
and  whether  such  changes,  if  they  occurred,  have  not  a  definite  relation 
to  the  increase   in  his   impact  values. 

Another  point  is  that  it  is  really  not  fair  to  comi)are  one  heat  of  one 
steel,  that  is,  of  one  composition,  with  another  single  heat  of  another  com- 
position. Heats  of  steel  even  made  by  the  same  process,  depending  u  oj 
how  that  process  has  been  carried  out,  will  show  impact  values  whi.h  dif- 
fer very  widely,  even  under  the  same  conditions  of  mechanical  and  thermal 
treatments,  etc. 

J.  P.  GILL:  Hardness  tests  made  on  the  specimens  slowly  cooled  and 
the  specimens  quenched  showed  the  same.  We  also  took  an  average  of  a 
lunnber  of  specimens. 

J.  STRAUSS:  I  was  thinking  not  of  a  number  of  specimens  from 
the  same  beat,  for  melting  and  rolling  conditions  will  change  from  heat  to 
heat,  lut  of  different  heats  of  steel  of  the  same  analysis.  That  may  have 
a  very  important  effect  upon  the  impact  value  as  determined  by  the  Izod 
test. 

J.  P.  GILL;  The  results  were  similar  for  a  number  of  steels  of 
widely  different  analyses,  and  since  these  results  were  similar,  we  would 
hardly  expert  different  results  from  steels  of  like  analyses  but  of  different 
heats. 
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The  Question  Box 

A  Column  Devoted  to  the  Asking,  Answering  and  Discussing 

of  Practical  Questions  in  Heat   Treatment  —  Members 

Submitting  Answers  and  Discussions  Are  Requested 

to  Refer  to  Serial  Numbers  of  Questions 


NEW  QUESTIONS 

QUESTION  102.     Hon'  can  the  imrping  of  high-speed  steel 
tools  be  eliminated  during  the  hardening  operation? 


QUESTION  103.     IVhat  is  the  effect  of  clay  luting  on  aUoy 
:arhurizing  boxes? 


QUESTION  104.  In  the  forging  of  ring  gears,  does  the  num- 
ber of  blozi'S  of  the  Jiammer  have  any  effect  upon  the  zvarpage  of 
the  gear  in  the  hardening  operation^ 


QUESTION  105-  Through  zvhat  mechanism  does  vana iiu)n 
retard  the  penetration  of  hardness  in  vanadium  steels  in  the  hard- 
ening operation? 


QUESTION  106.  What  are  the  effects  of  the  products  of 
combustion  upon  both  carbon  and  high-speed  steel,  when  heat 
treated  in  open  furnaces  heated  with  city  gas,  coal,  coke,  fuel 
oil,  etc. 


ANSWERS    TO    OLD    QUESTIONS 

QUESTION  NO.  67.  What  is  the  reason  for  the  fact  that  a 
piece  of  steel  quenched  in  brine  will  be  harder  than  the  same  piece 
of  steel  would  be  if  quenched  in  water,  providing  that  the  quench- 
ing temperatures  and  quenching  medium  temperatures  are  the 
same  in  each  case? 


ANSWER.    By  James   Sorenson,   metallurgical   engineer,   the 
Four  Wheel  Drive  Auto  Co.,  Clintonville,  Wis. 

Greater  hardness  is  obtained  from  quenching  at  the  same  tem- 
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perature  in  salt  brine  than  from  quenching  at  the  same  temperature 
in  water.  This  is  due  to  the  difference  in  the  heat  dissipating  power 
possessed  by   these  substances. 

Brine  produces  rapidity  in  quenching  and  consequently  maxi- 
mum hardness.  However,  cold  brine  should  not  be  used  for 
quenching  thin  pieces  of  complicated  design,  as  the  shock  from  so 
drastic  quenching  mediums  is  liable  to  cause  serious  distortion,  or 
cracks  which  would  render  the  piece  being  heat  treated  useless. 


QUESTION  NO.  69.  Is  sulphur  up  to  0.10  per  cent  detri- 
mental to  the  quality  and  physical  properties  of  au  automotive 
steel f 


QUESTION  NO.  72.     What  elements  are  conducive  to  good 
electric  butt-zvelding  of  steels-'' 


QUESTION  NO.  75.  Does  electric  butt-zvelding  destroy  the 
physical  properties  developed  in  a  steel  ivhich  has  been  heat  treated 
prior  to  the  welding  operation  f 


QUESTION  NO.  74.  JVhy  shouldn't  a  bar  of  steel  rolled 
from  a  locomotive  axle  be  better  than  one  rolled  direct  from  the 
billet  made  from  the  original  ingot f 


QUESTION  NO.  83.  In  annealing  high-carbon  tool  steel 
in  an  open-fire  furnace  6'  x  12'  is  if  likely  that  sulphur  zcould  be 
imparted  to  the  steel  by  the  use  of  producer  gas  made  from  coal 
unusually  high  in  sulphur,  say  around  1.50  to  2.00  per  cent^ 


QUESTION  NO.  ^':^.     What  is  the  best  method  of  preventing 
carburization  in  holes,  or  in  the  bore  of  parts  to  he  case  hardened.^ 


ANSWER.      By    W.    J.    Merten.    Westinghouse    Electric    & 
Manufacturing  Co.,  East  Pittsburgh,  Pa. 

The   protection    of    iron    and    steel    by    copper    |)lating   against 
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absorption  ot  carbon  from  carbonaceous  ga^e.-,  is  only  partially  .suc- 
cessful, due  to  the  porosity  of  the  copoer  deposit,  its  tendency  to 
flake,  its  variation  and  limit  of  thickness,  and  the  cost  to  protect 
the  rest  of  the  part   from  cooper  plating. 

The   placing   of    solid   copper   l)f)dies   against    surfaces    or    into 
holes  to  I)e  left   uncarhurized.  has  ])een    found   to   inhibit   carbnriza- 


Copper   Slabs 


Carbun  zecf    Zone 


Sketch  Showing  the  Manner  in  wliich 
Copper  Slabs  when  placed  upon  a  Steel 
Block,    Prevents   Carburization. 


tion  very  efifectively.  A  loosely  fitting,  pure  copper  pin  (  1,  04  inch 
loose  or  even  more)  can  be  relied  upon  to  give  proper  prolect'on 
and  the  line  of  demarcation  of  area  or  zone  of  activity  of  carbo  i 
monoxide  gas  is  quite  sharp.     External  copper  sleeves  or  caps    V-^ 


Copper  Sleeve 


Catbunzed    Zone 


Sketch  Showing  the  use  of  a   Copper   Cap 
over    the    End    of   a    Shaft. 


inch  thick  placed  over  ends  of  cam  shafts  and  automobile  parts  have 
proven  very  useful.  One-quarter  inch  thick  blocks  of  pure  copper 
placed  or  laid  on  plates  or  die  surfaces  were  entirely  successful 
in    preventing    any    creeping    of    tlie    carbtu-ized    portion.      Copper 
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1  rohahU  aljs.orljs  CCJ  and  its  presence  in(luce>  negative  catalysis, 
preventing  formation  of  VftX  or  possibly  interaction  of  Fe  and  C 
A  large  iuiniher  of  tests  have  been  made  verifying  the  utility 
of  solid  cop])er  bodie.^  in  thi>  res]>ect.  1  lie  co])per  is  also  jjer- 
jietualK  recuperating,  discharging  the  abstjrbed  gases  on  cooling 
and  reheating,  so  that  on  standard  work  it  can  b;.-  used  continu- 
oiis]\-.  o\er  and  o\er  again. 


(JiliSTJOX  XO.  92.  11' hat  is  xicatU  hy  rcdnrtinii  <,f  area 
ill   tensile  tcsfiny   of  iiietals/ 

A.XSW  KR.  By  lames  Sorenson.  metallurgical  engineer,  the 
hour  \\  heel  Dri\e  Auto  Co..  C'lintonville.  \\'is. 

I'he  reduction  of  area  in  a  tensile  test  specimen  relerN  to  the 
area  at  the  ])oint  (')f  rupture,  it  i^  usually  exjiressed  in  percentage. 
The  percentage  of  reduction  of  area  is  found  1)\-  dividing  the 
difference  between  the  original  cross  section  of  area  before  fracture 
and  the  least  cross  section  of  area  at  the  ])oint  of  fracture,  by 
the  original  cross  section  (jf  area. 

It  is  usually  used  as  a  measure  of  the  ductilit\  oi  ihe  material 
aufl  man\  engineers  regard  the  reduction  of  area  a>  more  reliable 
for   this   piu^ijose   than    the   elongatiim. 


QUESTION  NO.  93.  llliaf  arc  the  more  coiiiiiioii  methods 
of  quenching  ordinary  taps?  Arc  they  quenched  al[  over  and  the 
shanks  draz\.'n,  or  arc  they  quenched  only  on  the  threaded  portions; 
or  arc  both  the  threaded  portions  and  the  tangs  (luenehed.  leaving 
the  center  portion  of  the  shank  soft.' 


QCr.STfOX  XO.  '^r  ii'hal  is  meant  hy  ■'self -hardening" 
steels.' 

AXSWEK.  By  James  .S»»renson.  metallurgical  engineer,  the 
l*our  \\  heel  Drive  Auto  Co..  Clintonville.  Wis. 

Ihe  term  self -hardening  steel  usually  refers  to  high->peed  steel 
of   the  cementitic  class,    which   if   heated   to   the   proper   hardening 
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temperature   and  then   allowed   to  cool  in  air   will    retain   the  dis- 
solved carbides  in  the  martensitic  condition. 


QUESTION  NO.  96.  Can  the  structure  of  a  piece  of  steel 
be  determined  by  the  microscope  applied  to  the  fracture  of  a 
cross  section,  without  polishing  and  etching  the  fracture,  say  of  a 
stamping  die  6  .r  2  x  ZYz  inches,  that  has  been  hardened  and 
broken  in  half,  that '  is,  arc  the  different  structural  phenomena 
known  as  austenifc,  martcnsite,  sorbite,  ferrite,  etc.,  so  determin- 
able F 


Ol'ESTIOX  XO.  97.  JVhat  degree  of  heat  is  required  to 
change  austcnite  to  martcnsite,  troostitc,  etc? 

ANSWER.  By  James  Sorenson,  metallurgical  engineer,  the 
Four  Wheel   Drive  Auto  Co.,  Clintonville,  Wis. 

This  is  a  question  on  which  it  may  be  rather  difficult  to 
give  a  definite  answer  as  the  exact  nature  of  martcnsite  has  not 
been  definitely  settled,  but  the  opinion  usually  held  is  that  marten- 
site  is  a  solid  solution  and  there  is  considerable  evidence  available 
which  seems  to  justify  this  opinion.  According  to  Professor 
Albert  Sauveur^  all  the  austenite  in  austenitic  steel  is  converted 
into  martcnsite  at  200  degrees  Cent.,  and  at  400  degrees  Cent, 
all  the  martcnsite  is  converted  into  troostitc.  At  600  degrees  Cent. 
all  of  the  troostitc  is  converted  into  sorbite. 


QUESTION  NO.  98.  What  heat  treatment  zvill  give  a  pure 
martensite  structure  throughout  the  hardened  area  of  a  piece  of 
steel  6  .r  2  A-  3^  inches? 


QUESTION  NO.  99.  What  is  the  effect  of  barium  carbonate 
and  sodium  carbonate  in  carburising  compounds,  on  alloy  carburiz- 
ing  boxes? 


QUESTION  NO.  100.  What  action  results  from  the  addition 
of  varying  amounts  of  aluminum  and  ferrosilicon  to  steel  while 
casting? 


1,     See    the    Metallography    and    Heat    Treatment    of    Iron    and    Steel    by    Professor 
Albert     Sauveur,     1916,     page     300. 
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